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I 
Resume 
Two types of investigations have been described in 
the thesis: First part deals with the compositional studies of 
minor seed oils. The second part illustrates the results of 
derivatization of fatty acids. 
AGO NO. PART ONE 
In continuation of the chemical screening programme 
of oil-yielding species to explore the oilseed potential of 
forest flora, thirteen seed oils have been examined for their 
gross fatty acid profile. 
A, Minor Seed Oils 
Six wild oil-bearing species, namely Embelia ribes 
(Myrsinaceae), Chenopodium album (Chenopodiaceae), Alstonia 
verticillosa (Apocynaceae), Dolichos biflorus (Leguminosae), 
Acer negundo (Sapindaceae), Quercus incana (Fagaceae) have been 
analyzed by various chromatographic and spectroscopic techniques. 
: ii : 
Palmitic, stearic, oleic and linoleic acids were found as common 
constituents of all the seed oils. Three seed oils namely, 
Embelia ribes, Chenopodium album and Alstonia verticillosa were 
found to contain 61,4yif 64,Oyi and 73.7>< oleic + linoleic acids, 
respectively. A, verticillosa is rich in oil content (25,5><) 
and was significantly found comparable with that of groundnut 
oil with respect to their fatty acid composition [especially to 
the contents of oleic (-^  54j<) and linoleic ('^ 20><) acids], 
B, Cyanolipid in Seed Oil of Koelreuteria apiculata(Sapindaceae) 
Four types of cyanolipids present individually or in 
pairs have been identified in the seed lipids of Sapindaceae and 
Boraginaceae, During our compositional studies on indigenous 
seed oils, Koelreuteria apiculata seed oil responded to Prussian 
blue test indicating the presence of cyanolipid. Cyanolipid 
was separated by preparative TLC (33,4^) and characterized by 
spectroscopic and chromatographic analyses as a diester of 
l-cyano-2-hydroxymethylprop-l-ene-3-ol. The seed oil also con-
tains 44,6j< of a C2Q-nionoenoic acid besides other usually 
occurring fatty acids, 
C, Palmitoleic Acid in Zanthoxylum budrunga(Rutaceae) Seed Oil 
Seed oil of Zanthoxylum budrunga (Rutaceae) contains 
Cj^^ monoenoic acid (10,0^ <) which is an unusual acid among the 
: iii : 
common unsaturated acids. This monoenoic acid was characterized 
as cis-9-hexadecenoic acid from the GLC analysis of methylated 
fragments obtained by oxidative cleavage of the acid using 
permanganate-periodate reagent. The fatty acid composition was 
found to be 16:0, 26.2; 16:1, 10.0; 18:0, 5ol; 18': 1, 34.1; 18:2, 
14o2 and 18:3, 10.4^ <. 
Do Cyclopropenoid Fatty Acids in Seed Oil of Firmiana colorata 
(Sterculiaceae) 
The seed oil of Firmiana colorata of family Sterculi-
aceae responded to Halphen test and showed characteristic spectral 
data for cyclopropenoid fatty acids (CPFA). GLC analysis of the 
silver nitrate-methanol treated methyl esters using Sterculia 
foetida esters as reference standard showed the presence of 14.7>< 
sterculic (9,10-methyleneoctadec-9-enoic) acid and 4,3j< malvalic 
(8,9-methyleneheptadec-8-enoic) acid. 
E. Epoxy Fatty Acids 
( i) Seed Oils Containing Vernolic Acid 
The seed oils of Centratherum ritchiei and Sonchus 
oleraceus both of family Compositae responded to picric acid test 
and showed diagnostic spectral data, has been found to contain 
: iv : 
vernolic ( cis--12t 13~epoxvoctadec-cis-9-enoic) acid, 30.1>< and 
13,7><^respectivelyo The occurrence of this acid was confirmed 
by TLC, GLC, IR, NMR and MS and chemical methods. 
( ii) Seed Oil Containing Coronaric Acid 
Acacia albida (Leguminosae) seed oil was found to con-
tain 7,8j< coronaric (cis-9,10~epoxyoctadec-ci5-'12~enoic) acid in 
addition to the other common fatty acids. Direct acetolysis of 
the oil followed by saponification yielded corresponding dihydroxy 
acid which was characterized by various spectroscopic and chemi-
cal transformations. Quantitation of coronaric acid was done by 
GLC using Chrysanthemum coronarium seed oil as reference standard 
and by HBr-titration at 3 C. 
F, HBr-Reactive Fatty Acids of Helicteres isora(Sterculiaceae) 
Seed Oil 
Seed oil of Helicteres isora of family Sterculiaceae 
was found to contain both epoxy and cyclopropenoid fatty acids 
alongwith common fatty acids. Its oil contained malvalic (0.6;<), 
sterculic 1.0^ ^ and epoxy (vernolic) 5,8A Characterization of 
HBr-reactive acids was carried out by chromatographic, spectro-
scopic and chemical methods. 
PART TWO 
The second part illustrates the results of synthetic 
reactions on 10-undecenoic acid , The structure of each 
product has been established by combustion and spectral data, 
A, Olefin-Aldehyde Condensation 
Reaction of 10-undecenoic acid (I) and formaldehyde 
in the presence of acetic acid and sulphuric acid at 50-70 C 
afforded 3-(carboxyoctyl)-2,5-dihydrofuran (II) and 5-(carboxy-
octyl)-l,3-dioxane (III) (Scheme-l). 
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HC 
H2C. 
CH2 = CH - (CH2)g - COOH 
(I) 
1. HCHO 
2. AcOH 
3. H2SO4 
50-70 C 
C-(GH2)Q-COOH 
CH, 
•^0 
(II) 
"2P ^^ "^  ^ "2 ^  8"^^" 
0 CH2 
Hj:—0 
(III) 
VI : 
Similar treatment of lO-undecenoic acid (I) with 
benzaldehyde yielded 2,5-diphenYl-3-CcarboxY0ctyl)-2>3-dihYdro-
furan (IV) and 2,4-diphenyl-5-(carboxyoctyl)-l,3-dioxane (V) 
(Scheme-2). 
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lO-Undecenoic acid, was allowed to react with salicyl-
aldehyde under the similar conditions described in previous two 
schemes. The products were characterized as 2,5-di-(2'-acetoxy-
phenyl)-3-(carboxyoctyl)-2,5-dihydrofuran (VI) and 2,4-di-. 
(2'-hydroxyphenyl)-5-(carboxyoctyl)-l,3-dioxane (VII) (Scheme-3)c 
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B, Carbon-Carbon Bond Formation Reactions 
Oxymercuration of 10-undecenoic acid (I) in the pre-
sence of tetrahydrofuran and water gave mercuric acetate adduct 
(VIII), The adduct was demercurated in the presence of sodium 
borohydride and acrylic acid in DMF and afforded 5-hydroxytetra-
decanedioic acid (IX) (Scheme-4), 
Scheme - 4 
: viii 
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The mercury acetate adduct (VIII), on demercuration 
in the presence of NaBH. and acryx^ onitrile in DMF, yielded u>-
cyano-10-hydroxytridecanoic acid (X) (Scheme-5). 
IX 
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Summary 
Two types of investigations have been described in 
the thesis: First part deals with the compositional studies of 
minor seed oils. The second part illustrates the results of 
derivatization of fatty acids. 
PART ONE 
In continuation of the chemical screening programme 
of oil-yielding species to explore the oilseed potential of 
forest flora, thirteen seed oils have been examined for their 
gross fatty acid profile, 
A, Minor Seed Oils 
Six wild oil-bearing species, namely Embelia ribes 
(Myrsinaceae), Chenopodium album (Chenopodiaceae), Alstonia 
verticillosa (Apocynaceae), Dolichos biflorus (Leguminosae), 
Acer negundo (Sapindaceae), Quercus incana (Fagaceae) have been 
analyzed by various chromatographic and spectroscopic techniques. 
: ii : 
Palmitic, stearic, oleic and linoleic acids were found as common 
constituents of all the seed oils. Three seed oils namely, 
Embelia ribes, Chenopodium album and Alstonia verticillosa were 
found to contain 61»4yi, 64.0^ i and 73,7}i oleic + linoleic acids, 
respectively. A, verticillosa is rich in oil content (25.5j<) 
and was significantly found comparable with that of groundnut 
oil with respect to their fatty acid composition [especially to 
the contents of oleic (-^  54j<) and linoleic ('^ 20j<) acids], 
B, Cyanolipid in Seed Oil of Koelreuteria apiculata(Sapindaceae) 
Four types of cyanolipids present individually or in 
pairs have been identified in the seed lipids of Sapindaceae and 
Boraginaceae. During our compositional studies on indigenous 
seed oils, Koelreuteria apiculata seed oil responded to Prussian 
blue test indicating the presence of cyanolipid. Cyanolipid 
was separated by preparative TLC (33,4/) and characterized by 
spectroscopic and chromatographic analyses as a diester of 
l-cyano-2-hydroxymethylprop-l-ene-3-ol. The seed oil also con-
tains 44,6/ of a C2o-nio"o®'^ oic acid besides other usually 
occurring fatty acids, 
C, Palmitoleic Acid in Zanthoxylum budrunga(Rutaceae) Seed Oil 
Seed oii of Zanthoxylum budrunga (Rutaceae) contains 
C,^ monoenoic acid (10,0/) which is an unusual acid among the 
: iii : 
common unsaturated acids. This monoenoic acid was characterized 
as cis-9~hexadecenoic acid from the GLC analysis of methylated 
fragments obtained by oxidative cleavage of the acid using 
permanganate-periodate reagent,' The fatty acid composition was 
found to be 16:0, 26.2; 16:1, 10.0; 18:0, 5.1; 18:1, 34,1; 18:2, 
14.2 and 18:3, 10.4yi, 
D, Cyclopropenoid Fatty Acids in Seed Oil of Firmiana colorata 
(Sterculiaceae) 
The seed oil of Firmiana colorata of family Sterculi-
aceae responded to Halphen test and showed characteristic spectral 
data for cyclopropenoid fatty acids (CPFA). GLC analysis of the 
silver nitrate-methanol treated methyl esters using Sterculia 
foetida esters as reference standard showed the presence of 14.7>< 
sterculic (9,10-methyleneoctadec-9-enoic) acid and 4,'3>< malvalic 
(8,9-methyleneheptadec-8-enoic) acid. 
E. Epoxy Fatty Acids 
(i) Seed Oils Containing Vernolic Acid 
The seed oils of Centratherum ritchiei and Sonchus 
oleraceus both of family Compositae responded to picric acid test 
and showed diagnostic spectral data, has been found to contain 
: iv : 
vernolic (cis--12,13-epoxyoctadec-.cis~9-enoic) acid, 30,lyi and 
13,7j<.respectivelyo The occurrence of this acid was confirmed 
by TLC, GLC, IR, NMR and MS and chemical methods. 
(ii) Seed Oil Containing Coronaric Acid 
Acacia albida (Leguminosae) seed oil was found to con-
tain 7,&yi coronaric (cis~9,10-epoxyoctadec-cis-12-»enoic) acid in 
addition to the other common fatty acids. Direct acetolysis of 
the oil followed by saponification yielded corresponding dihydroxy 
acid which was characterized by various spectroscopic and chemi-
cal transformations. Quantitation of coronaric acid was done by 
GLC using Chrysanthemum coronarium seed oil as reference standard 
and by HBr-titration at 3 C. 
F, HBr-Reactive Fatty Acids of Helicteres isora(Sterculiaceae) 
Seed Oil 
Seed oil of Helicteres isora of family Sterculiaceae 
was found to contain both epoxy and cyclopropenoid fatty acids 
alongwith common fatty acids. Its oil contained malvalic (0,6><), 
sterculic l.OX and epoxy (vernolic) 5,S'/C, Characterization of 
HBr-reactive acids was carried out by chromatographic, spectro-
scopic and chemical methods. 
: V 
PART TWO 
The second part illustrates the results of synthetic 
reactions on 10-undecenoic acid , The structure of each 
product has been established by combustion and spectral data, 
A. Olefin-Aldehyde Condensation 
Reaction of 10-undecenoic acid (I) and formaldehyde 
in the presence of acetic acid and sulphuric acid at 50-70 C 
afforded 3-(carboxyoctyl)-2,5-dihydrofuran (II) and 5-(carboxy-
octyl)-l,3-dioxane (III) (Scheme-1). 
Scheme - 1 
HC 
H2C. 
CH2 = CH - ( C H 2 ) Q - COOH 
C-(CH2)g-COOH 
:H. 
0^ 
( I I ) 
( I ) 
1. HCHO 
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3. H2SO4 
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H2C CH-( CH2 ) g-COOH 
0 CHo 
HJ:—0 
( I I I ) 
: vi t 
Similar treatment of 10-undecenoic acid (I) with 
benzaldehyde yielded 2,5-diphenyl-3-(carboxyoctyl)-2,3-dihydro-
furan (IV) and 2,4-diphenyl-.5-(carboxyoctyl)-l,3-dioxane (V) 
(Scheme-2). 
Scheme - 2 
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rv 
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C-(CH2)Q-C00H 
\ = / " ^ \ ,^ "-W 
(IV) 
1 . kJ 
2. AcOH 
3. H2SO4 
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10-Undecenoic acid, was allowed to react with salicyl-
aldehyde under the rsimilar conditions described in previous two 
schemes. The products were characterized as 2,5-di-(2'-acetoxy-
phenyl)-3-(carboxyoctyl)-2,5-dihydrofuran (VI) and 2,4-di-
(2*-hydroxyphenyl)-5-(carboxyoctyl)-l,3-dioxane (VII) (Scheme-3)c 
Scheme - 3 
X vii 
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(VII) 
B, Carbon-Carbon Bond Formation Reactions 
Oxymercuration of lO-undecenoic acid (I) in the pre-
sence of tetrahydrofuran and water gave mercuric acetate adduct 
(VIII), The adduct was demercurated in the presence of sodium 
borohydride and acrylic acid in DMF and afforded 5-hydroxytetra-
decanedioic acid (IX) (Scheme-4), 
Scheme - 4 
: viii : 
CH2 = CH - (CH2)Q - COOH 
(I) 
Hg(0Ac)2 
THF, H2O 
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(IX) 
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The mercury acetate adduct (VIII), on demercuration 
in the presence of NaBH^ and acryionitrile in DMF, yielded 10-
cyano-lO-hydroxytridecanoic acid (X) (Scheme-5), 
Scheme - 5 
: ix 
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Introduction 
Fats and oils are renewable resources. This is one of the 
reasons why they deserve worldwide attention. In recent years they 
have assumed importance due to their increasing use in food and 
nutrition on one hand and non-food industrial uses as oleochemical 
intermediates on the other. Dietary fat is more important since its 
calorie density is more than twice to that of proteins and carbo-
hydrates. Moreover, the essential fatty acids are well known to have 
link with prostaglandin synthesis and the involvement of lipoprotein 
in the structure of cell membranes. These are considered as key roles 
played by fatty compounds in the human nutrition. 
In recent years the chemistry of oils and fats based on 
multifunctionalities of fatty acids has received much attention. The 
functionalization of the alkyl chain or derivatization of the chain 
functional groups could provide a host of new fatty chemicals as 
alternative sources to those obtained from petro-chemicals. Thus 
natural oils and fats, being renewable in nature, are indispensable 
feed stocks for oleochemical industry in future. A variety of fatty 
acids derived from minor seed oils, when derivatized suitably are 
diversely used as lubricants, additives, greases, cosmetics, pharma-
ceuticals, insecticides, fungicides, etc. 
Recognizing these and other potentialities of oils and 
fats, it is high time for oil technologists to evolve various methods 
• 2 • 
to improve the uneconomic functioning of old unit in the vegetable 
oil industry and to have new oilseeds processing plants on more 
modern lines in increasing the production of oilseeds conforming 
with the needs of world in general and of developing countries like 
India in particular. 
Oils and oilseeds and their derivatives constitute about 
13^ of the total cost of living index and the quantum of imports 
value at about 1200 crores per annum constitute our total import 
bill. It clearly indicates that productivity does not match with 
increase in population. In the 20 point prograrrme top priority has 
been given to find ways and means for augmenting all the available 
resources of seed oils. Besides cultivation of traditional oilseeds 
there is abundance of minor oilseeds of forest origin. There is a 
wide potential of agrichemicals which could be obtained from the 
unexplored minor oilseeds rich in specific kinds of fatty acids. 
Thus chemical screening of oil-yielding plant species is important 
for a country like India which abounds in forest flora. 
During the past decade, increased attention has been 
directed to the newer sources as the non-traditional sources of 
vegetable oils obtainable from minor oilseeds and the oleochemicals 
synthesized from major fatty acids, which could be used by oleoche-
mical industry. Therefore, keeping in view the current researches 
on oils and fats based on today's needs, the investigations in this 
thesis Covers the above, two aspects, i.e,, phytochemical screening 
of seed oils and synthesis of new fatty acid derivatives. 
Part One 
Compositional 
Studies 
of Minor 
Seed Oils 
Chapter! 
Theoretical 
(a) FATTY ACID COMPOSITION OF VEGETABLE SEED FATS 
The demand of fats and oils in forthcoming decades by 
the third world countries will be largely governed by two factors 
(i) dietary requirements and (ii) non-food industrial needs. It 
has been estimated that population growth and rising living 
standards in developing countries will result in ca 3,1;^  average 
annual increase in fat consumption. In recent years, two more 
factors have affected the consumption of vegetable oils and fats. 
The continuing uncertainties related to price and availability of 
petroleum will accelerate the substitution* of agri-oleochemicals. 
Phobias of coronary heart disease and obesity have totally changed 
the mode of consumption of edible oils and fats. The future trend 
is most likely to be a universal demand for the polyunsaturated 
fatty acid (PUFA) oils in food uses. Therefore, in future the 
world at large and third world countries in particular will face 
the shortage of vegetable oils as dietary fats. 
Our country being agricultural one, has a vast potential 
of minor oilseeds which if properly tapped, can substantially aug-
ment the overall supply of vegetable oils and help in bridging the 
wide gap between supply.and demand. 
: 4 : 
Extensive compositional studies on oil-bearing seeds 
have been documented in the literature covering a broad spectrum 
of plant kingdom. In developing countries, a programme of physico-
chemical screening of wild oilseed species has resulted in the 
selection of new species as alternative resources of conventional 
oils. The long term solution to the problem of meeting oil short-
age in our country is that of utilizing domestic agriculture and 
minor oilseeds for obtaining a renewable sources of oils and fats. 
In many advanced countries the botanico-chemical screen-
ing of oil-excuding plants is one of the active areas of research 
in exploring the hidden potential of forest flora. Recently, forest 
flora has attracted attention in various ways. Academically, their 
plant constituents have been a very fruitful subject of intensive 
research. Technologically, the forest oilseeds and other by-
products have been processed for a variety of industrial uses. 
Economically, they have been found intrinsically important substi-
tutes for edible oils now used in some of the oil-based industries. 
Compositional Studies on Minor Seed Oils 
Applications of recently developed techniques such as 
various spectroscopic and chromatographic methods have discovered 
about 800 fatty acids in seed oils. An imposing number of new and 
novel fatty acids have been discovered having unusual structures. 
Seed oils possessing unusual functions like hydroxy, keto, epoxy. 
: 5 : 
cyclopropenoid and conjugated unsaturation often gave unexpected 
responses to analytical methods in frequent use. Oxygenation of 
unsaturated fatty acid occurs during the ageing of seeds. Small 
amounts of oxygenated acids such as epoxy and conjugated dienol 
are widely distributed in seed oils as minor constituents, Spencer 
et al, have discovered that if these acids are present in low 
concentration then they are formed probably after harvest, and may 
result from the action of lipoxygenase in the seeds. 
With a view to study the minor oilseed potential a pro-
gramme has been underway at the authors laboratory for several 
years for analysis of indigenous seed oils. Prominent among these 
2 
are the oils of: Hiptage benghalensis containing 84,3^ ricinoleic 
3 
acid, comparing favorably to castor oil; two Sida species rich in 
4 
sterculic and malvalic acids; Plantago major containing a new 
p-4\ydroxyolefinic acid, 9-hvdroxvoctadec-cis-ll-enoic; Peganum 
5 
harmala a first higher plant containing a new nonvicinal diol 
acid, 9,14-dihydroxyoctadecanoic; Baliospermum axillare having a 
new C24 nonvicinal 1,3-diol acid; ll,13-dihydroxytetracos-trans-9-
7 
enoic; Blepharis sindica having a new short-chain hydroxy acid, 
g 
9-hydroxydodecanoic; Cardiospermum canescens , a richest source of 
cyanolipids containing C2Q-eicosenoic acid, two Heliotropium 
9 
species containing cyanolipids surprisingly of C,o acids only; 
Leucas cephalotes , a richest source of an allenic acid, laballe-
11 12 
nic; Wrightia tinctoria and W, coccinea , a rich source of 
isoricinoleic acid. 
: 6 : 
Sporadic appearance of a number of reviews dealing with 
natural fatty acids have been published . Pryde published 
another informative review on natural fatty acids. Advances in 
the methodology for lipid analysis have been noteworthy, particu-
larly in the recent past. The valuable methods in the oil analysis 
are thin layer chromatography (TLC), complexation chromatography, 
column chromatography, high performance liquid chromatography 
(HPLC), counter current distribution, gas liquid chromatography 
(GLC), chemical methods, urea and thiourea adduct separation and 
spectroscopic techniques. 
18-20 
Liquid column chromatography (LCC) for analytical uses 
has attracted the attention of lipid chemists during the past few 
years. Preparative GLC has successfully been exploited in the 
isolation of pure fractions from a complex mixture in the recent 
years. HPLC is the latest useful innovation in the chain of 
chromatographic techniques. Fatty acids have been separated as 
methyl esters, phenyl esters and 2-naphthyl esters employing 
HPLc21-24. 
Similarly, many spectroscopic techniques (high resolu-
tion -^H NMR, -"-^C NMR^^, LCMS^^ and GC-MS) offer satisfactory solu-
tions and sometimes unexpected advantages for the analysis of 
unknown fatty acids. 
• 7 • 
Digital computers have become an integral part of the 
more advanced instruments; consequently, pulsed Fourier transform 
27 13 
techniques now are routine. C NMR as a complement to proton 
NMR offers means of determining in greater detail the composition 
of mixtures of fatty acids or hydrogenated products, 
Fourier transform/Ion cyclotron resonance (FT/ICR) 
method is a direct descendant of the cyclotron particle separators 
used in a uniform magnetic field, and accelerate them with an 
28 
alternating electric field . Another technique is called rapid 
29 
scan ion cyclotron resonance mass spectrometry by Mclver , 
Structural determination of polyunsaturated fatty acids 
or esters by GC/MS presents problems because of the complexity of 
30 
the mass spectra, Suzuki et al<, recently investigated the mass 
spectrometric behaviour of permethoxy derivatives of some polyun-
saturated fatty acid methyl esters by using chemical ionization 
with methane, isobutane or arrmonia as reactant gases. By using 
vinyl methyl ether (VME) in admixture with N_/CSp as reactant 
31 gases, Chai and Harrison explored the possibilities of locating 
double bonds without derivatization, 
32 33 Secondary ion mass spectrometry (SIM) * was used to 
detect tuberculostearic acid and C-.<p-mycocerosic acid in sputum 
from patients with suspected tuberculosis. Recently DeLeenheer and 
34 
Cruyl have reviewed the quantitative aspects of mass spectro-
metry. 
: 8 : 
Even in the midst of the modern electronically oriented 
analytical instrumentation, chemical procedures have an important 
role to play. To many chemists experienced in physical method 
applications, there is the consensus that all instruments lie; it 
is for us to determine when and how much. Chemical methods frequ-
ently serve us an independent check on our more rapid, sophistica-
ted and physical procedures, 
Derivatization of lipids for subsequent GC, HPLC, MS and 
NMR study constitutes a major contribution of chemical methods to 
the modern lipid chemistry. In a continuous transesterification 
procedure, methyl esters are obtained by automatically mixing 2-3 
ml of reagent solution (0.5 M NaOCH^ in an equimixture of absolute 
methanol and diethyl ether) with 0,25 ml of oil for 1 minute at 
room tenperature 
Apart from the above mentioned techniques, the valuable 
chemical techniques generally used are: partial oxidation, oxida-
tive degradation, hydroxylation, catalytic hydrogenation, partial 
hydrogenation, hydrogen bromide and Diels-Alder reactions. Recently 
the position of double bond in fatty chain has been established by 
alkylthiolation 
Discussion 
(b) ANALYSIS OF MINOR SEED OILS 
During recent years the analysis of seed oils from an 
extensive sampling of the plant kingdom has revealed that a large 
number of species yield oils of unusual composition. Vegetable 
oils constitute an important part of human diet apart from their 
industrial applications. From being an oil exporting country in 
1966, India today has become dependent on edible oil imports. The 
acute scarcity and rising prices of seed oils for industrial use 
and edible purposes, have stimulated research in the screening of 
oil-bearing seeds from wild plants, for finding non-conventional 
sources of vegetable oils. In connection with our continuing 
studies on 'Minor Seed Oils', the purpose of the present investi-
gation was to determine the physico-chemical characteristics of 
some additional minor seed oils and compare their fatty acid 
profile with commercial oils. Such type of chemical screening of 
seed oils may provide some species which may warrant further 
research to investigate their oils to appraise their crop poten-
tial and assess their practical value for providing new oilseeds. 
The present investigation was, therefore, an attempt in this 
direction in which six plant seeds from six different families 
have been screened physico-chemically,. 
: 10 : 
The petrol extracted seed oils were analysed for their 
component acids, mainly by chromatographic and spectroscopic 
techniques. The ultraviolet (UV) and infrared (IR) spectral 
analyses of seed oils showed no conjugation, trans-unsaturation 
or any unusual functional group. Argentation TLC of the methyl 
esters gave clear soots corresponding to the saturated, monoene, 
diene and triene parallel to those from authentic linseed ester 
resolved alongside. The quantitative estimation of fatty acid 
components on a gas chromatogram was achieved by comparing reten-
tion times with authentic lipid standard (Sigma, USA). The seed 
and oil characteristics are shown in Table I alongwith the GLC 
analysis of the methyl esters of the oil (Table II). 
Embelia ribes, Burm. f. (item~l, Vern, Baberang) of 
family Myrsinaceae is a climber found in the hilly parts of India 
from the Central and Lower Himalayas down to Ceylon and Singapore. 
Dried berries (Seeds) are carminative, anthelmintic, stimulant and 
alterative. Pulp is purgative. Fresh juice is cooling, diuretic 
and laxative. Dried berries were used to expel tape worms and are 
useful in dyspepsia. Fruit is given for piles. Seed paste is used 
in ringworm and other skin diseases. Young leaves are used in 
ulcers of the raoutho A paste of the bark is a valuable application 
to the chest in lung diseases like pneumonia. It is also used in 
scorpion-sting and snake-bite . The oil content of E_. ribes seeds 
was found to be 3,0><, The GLC data showed the presence of 68,6>< 
: 11 : 
unsaturated acid, linoleic acid is major component {39,5'/.) followed 
by oleic acid (21.9j<). It has ordinary palmitic-oleic and linoleic 
composition (79.6>i), The combined oleic and linoleic content was 
found to be 61.4><<, 
Chenopodium album, Linn, (item-2, Vern. Chandan betu) 
belongs to family Chenopodiaceae, It is grown in the gardens 
in Bombay, Kashmir, Sikkim and elsewhere in India, Leaves are 
taken in the.form of infusion or decoction, as a laxative and 
anthelmintic . It has been recommended in hepatic disorders and in 
38 
splenic enlargement . Fatty acid analysis by GLC showed oleic 
(37,9;^), linoleic (26.1j<) and palmitic (17,4j^ ) acids together with 
eicosenoic (3,9j<) and lignoceric (l,lj<) acids besides other acids 
in minor amounts, Linoleic and oleic acids constituted 64,0^ of 
the total component acids. The total unsaturated and saturated 
acids were found 73,6>i and 26,3;<, respectively, 
Alstonia verticillosa (item-3) is a species of family 
Apocynaceae. The fatty acid profile revealed by GLC indicated 
73,7^ of oleic-linoleic content in which oleic acid was notably 
high (53o8?<). This oil is much comparable with that of groundnut 
oil. A, verticillosa seeds being oil rich 25,5;^ needs further 
research before it meets a crop status. Among saturated acids, 
palmitic acid was found as a major component (16,6;^), The oil also 
showed the presence of small amounts of stearic acid (2.8j<), 
arachidic acid (0,9;^ ) and lignoceric acid (5,9?<)<> 
: 12 : 
Dolichos biflorus, Linn, (item 4, Vern. Kulthi) is a 
common twining plant growing all over India, especially in Bombay 
and Madras belongs to Leguminosae family. It is given in scrofula, 
diarrhoea and is useful in cases of haemorrhage from the bowels. 
Decoction of the grain is given in leucorrhoea, menstrual derange-
ments and colic. Soup is a diet in sub-acute cases of enlarged 
39 
liver and spleen, also a diet in piles . The fatty acid analysis 
by GLC indicated the presence of 54.9^ i saturated acid in which 
palmitic acid is a major component (32.5?<) followed by behenic acid 
(7,5'/.), Linoleic (13.0;^ ) and linolenic (16.5j<) were predominant 
with respect to total unsaturated acid content (44.9?^). This seed 
oil also contained 11.5>< erucic acid. 
Acer negundo, Linn, (item 5) belongs to Sapindaceae 
family. The grounded seeds of A. negundo yielded 3.0;^  oil. The 
fatty acid profile revealed by GLC indicated 54.7;^ unsaturated 
acid. It is composed of oleic (5.0>i), linoleic (23.6;<), linolenic 
(15.3;^), eicosenoic (9,4;<) with a small amount of palmitoleic 
(1,4><) acids. Palmitic (8,5^) and lignoceric (12,8;^ ) acids are the 
predominant saturated fatty acids. 
Quercus incana, Roxb. (item 6, Vern, Banj) of family 
Fagaceae is found in temperate Himalayas from the salt range and 
Murree to E. Nepal, Given as diuretic in gonorrhoea and as 
40 
astringent in diarrhoea and in asthma , The oil content of 
Q. incana is 4,4y.o Our GLC analysis shows linoleic acid as major 
: 13 : 
component (24.4><) followed by linolenic (24.1;^), oleic ilO,lyi) 
acids with 5.1j< of palmitoleic acid. The total unsaturated fatty 
acids is 69.9;^ . Among 29.9^ total saturated fatty acids, palmitic 
acid (17<,1^ <) is the major fatty acid. Capric (3.2j<), lauric 
i3o3'/.), myristic (4,5yi)f stearic (1.1;^), arachidic iO»7yi) are the 
other saturated fatty acids. In this oil linoleic acid is the 
major fatty acid. 
The basic objective of fatty acid analysis is to discover 
and define unusual or new oils of promising interest. Further 
species rich in oil as well as in specific acids could be of great 
strategic importance. These species deserve agronomic evaluation 
for their prospective use as alternate sources of vegetable oils. 
In the present study, three seed oils namely, Embelia ribes, 
Chenopodium album and Alstonia verticillosa were found to contain 
61,4/<, 64.0>< and 73,7;^ oleic-linolenic content, respectively. 
A. verticillosa is rich in oil content and was significantly found 
comparable with that of groundnut oil with respect to their fatty 
acid composition [especially to the. contents of oleic {—^A'A) and 
linoleic {^-^20'/.) acids]. Low oil content of E. ribes (3^ 0><) and 
C. album (4,7j<) preclude their use as source of minor oilseeds. 
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Experimental 
MATERIALS AND METHODS 
1. Source of Oilseeds 
The seed samples for the present screening analyses were 
obtained by staff botanists under contract in various parts of the 
country or purchased from commercial seed suppliers. 
^. Extraction of Oil 
Cleaned and dried samples of seeds were ground in a dis-
integrator. The powdered seeds were extracted repeatedly with 
light petroleum ether (40-60 C) in a Soxhlet apoaratus. The 
extracted oils were dried over anhydrous sodium sulphate. The 
solvent was removed under vacuum. The oils were neutralized by 
passing it ('^ 1 g) in chloroform solution, through a short column 
of alumina (10 g). The analytical values of oils and seeds were 
determined according to the A0C3 procedures. 
3. Preparation of Mixed Fatty Acids 
Seed oils were refluxed with ethanolic potasium 
hydroxide. The unsaponifiable material was removed by ether 
: 17 : 
extraction and the free fatty acids were obtained by acidification 
of aqueous layer, 
4. Preparation of Methyl Esters 
Esterification was carried out as follows. Each fatty 
acid sample was refluxed in a large excess of absolute methanol 
containing lyi. sulphuric acid (v/v). In each case, the resulting 
mixture were diluted to the cloud point with water, chilled in ice 
bath, and then extracted repeatedly with ether. Combined extracts 
were dried over anhydrous sodium sulphate and evaporated iri vacuo. 
5. Thin Layer Chromatography (TLC) 
Analytical TLC was performed on plates coated with 
0,25 mm or 1.0 mm thick layers of silica gel with 20>< or 30>< ether 
in hexane as developing solvent. The plates were rendered visual 
by spraying with a 20^ aqueous solution of perchloric acid and 
heating in an oven (^ -'110 C) for 10 minutes. The plate was deve-
loped with a mixture of petroleum etherrdiethyl etheriacetic acid 
(75:25:1, v/v/v). 
6. Argentation TLC 
Silica gel plates impregnated with 20;^  silver nitrate 
were used for argentation TLC. Solvent system petroleum ether: 
: 18 : 
diethyl ether (92:8, v/v) was used for developing the plates. The 
spots were detected under UV light by spraying with 2',7'-dichloro-
fluorescein or by spraying with sulphuric acid and subsequent 
charring, 
7. Gas Liquid Chromatography (GLC) 
The quantitative examination of methyl esters was 
carried out by using a Perkin-Elmer F-11 model equipped with a 
flame ionization detector and using stainless steel packed column 
(2 m X 3 mm), coated with diethylene glycol succinate (DEGS), 15'/. 
on chromosorb W, 45-60 mesh. The column temperature was programmed 
from 150 C to 210 C (3 C/min) and nitrogen was used as carrier gas. 
Peak areas were measured by triangulation method. All GLC data 
reported are given as area percentages, 
8. Infrared (IR) 
IR spectra were recorded on Pye Unicam SP3-100 spectro-
photometer as liquid film or as 1'/. solution in carbon tetrachloride, 
9. Ultraviolet (UV) 
UV spectra of the o i l s were taken on Beckman DK-2A 
u l t r a v i o l e t spectrophotometer in methanol. 
: 19 : 
10, Nuclear Magnetic Resonance (NMR) 
NMR spectra were obtained on a Varian A60 spectrophoto-
meter in CClVCDCl^. Chemical shifts are reported in ppm (d) 
relative to tetramethylsilane (TMS) as an internal standard. 
Chapter-2 
Theoretical 
(a) CYANOLIPIDS 
On account of their nutritional and industrial importance 
the seed oils have been extensively studied and their glyceride 
structure has been thoroughly investigated. Recent discoveries, 
besides the usual triacylglycerol being the common constituents of 
natural fats, include a variety of typical derivatives of glycerol 
in seed oils. Several seed oils containing hydroxy acids are knov/n 
42 to have more than three fatty acids per glycerol molecule , The 
43 
oil of Lesquerella auriculata was found unusual in having glyce-
rides containing more than three acyl groups, i.e. more polar tetra 
acid glycerides. Another series of glyceride derivatives have been 
identified as acetotriglycerides in the seed oil of Monnina 
44 45 / \ 
emarginata and Celastrus orbiculatus (Celastraceae). In latter 
case the monoacetotriglycerides represent 68-98>< of the seed oils 
from selected species in Celastraceae. 
46 The seeds of Ipomea parasitica contain unique members 
of a class of glycolipids found in the plant family Convolvulaceae. 
During the same phase of research the seed lipids of Rapanea 
lactevirens (Myrisnaceae) were found to contain a series of 
5-alkylresorcinols. Recently ethyl esters of C^r-,-C^. fatty acids 
: 21 : 
were isolated from the seed oil of Onopordium acanthium 48 
'31:0 
and Cpg.Q f a t t y e s t e r s were observed as n a t u r a l compounds for the 
f i r s t t ime and e t h y l e s t e r s of ^2Q-'>,7 f a t t y ac id s were a l s o i s o l a -
48 t e d from t h e seed o i l of a h ighe r p l a n t 
In t h e s e , ano the r new c l a s s ' c y a n o l i p i d s * may be added. 
49 
Th i s has been wel l reviewed by Mikolajczak , with the c o - o c c u r r -
ence of t r i g l y c e r i d e s in the seed o i l s of the f a m i l i e s of 
8 9 50-59 Sapindaceae and Boraginaceae * ' , Cyano l ip ids were probably 
f i r s t r e p o r t e d in S c h l e i c h e r a t r i j u g a seed o i l , a l though the 
n a t u r e of the n i t r i l e moiety was not e s t a b l i s h e d a t t h a t t ime . Four 
t y p e s of c y a n o l i p i d s , p r e s e n t i n d i v i d u a l l y or in p a i r s , have been 
i d e n t i f i e d in the seed l i p i d s which a re nong lyce ro l e s t e r s and a re 
d e r i v a t i v e s of f i v e - c a r b o n mono- or d i h y d r o x y n i t r i l e moiety e s t e r i -
f i e d with long chain f a t t y ac id s ( I - I V ) . Out of t h e s e , one c l a s s 
of component i s a mixture of d i e s t e r s con t a in ing two f a t t y ac id 
m o i e t i e s e s t e r i f i e d with l - c y a n o - 2 - h y d r o x y m e t h y l p r o p - 2 - e n e - l - o l (I) 
and l - c y a n o - 2 - h y d r o x y m e t h y l p r o p - l - e n e - 3 - o l ( I I ) . The o t h e r c l a s s 
of c y a n o l i p i d s comprises monoesters of l - c y a n o - 2 - m e t h y l p r o p - l - e n e -
3 -o l ( I I I ) and l - c y a n o - 2 - m e t h y l p r o p - 2 - e n e - l - o l ( I V ) , 
v^ . 0-C-(CH2)„CH3 
NC 0-C-(CH2)r^CH3 
( I ) 
9 0 
CH3(CH2) j^ -C-0^ / ^ 0 ~ C - ( C H 2 ) n ^ 3 
NC H 
( I I ) 
: 22 : 
NC 
A 
0 
0-C-(CH2)^CH3 
H 
(III) 
% ^ 
0 
II NC^ ^0-C-(CH2)^CH3 
(IV) 
A curious feature of these cyanoiipid-containing seed 
oils is their high content of C^ p. acids and the preferential 
incorporation of these acids into cyanolipids rather than into the 
accompanying triglycerides. This preference is probably related 
to the observation that Litchi chinensis seed oil, which has 
insignificant amount of C^ p. acids, also contains no cyanolipids. 
However, the recent work from our laboratory on cyanolipid content 
8 59 9 
of some Sanindaceae * and Boraginaceae species has revealed 
that the presence of C^ ^^  acid is not a pre-requisite for the 
occurrence of cyanolipids in seed oils as the two species of 
Heliotropium (Boraginaceae) containing SO—O^i of cyanolipids do not 
contain any C^Q acid. Additional Sapindaceae and Boraginaceae seed 
oils that are low in C^Q acid should be examined for confirmation 
of this hypothesis. 
Characterization and Quantitation of Cyanolipids 
Nuclear Magnetic Resonace Spectroscopy 
NMR spectroscopy has proven to be the most useful and 
definitive tool available for the detection and structure elucida-
: 23 : 
tion of cyanolipids. The significant signals,one needs to examine 
are distinctive and well resolved from the acyl group proton signals, 
The NMR spectrum of cyanolipid I shows signal due to 
protons of methylene group a to the acyl carbonyl groups (Ha, Hb) 
as two overlapping triplets, giving the observed four line pattern 
centred at d 2.34, The -CHp-0- protons (He and Hd) give a singlet 
at b 4.63 if analysed in CDCl^; in C^D^, the signal due to these 
same protons is two doublets, J=13 Hz. 
CYANOLIPID I 
The remaining three protons of the dihydroxynitrile 
portion of I, exhibited three broadened singlets at d 5.50 and 5.66 
(Hf and Hg) and at d 5.94 (He). Hf and Hg (terminal methylene 
protons) frequently are nonequivalent and have different chemical 
shifts. Another peculiarity of this type of protons is that they 
generally show minor coupling constants in contrast to the 10 to 
15 Hz coupling, commonly existing between nonequivalent geminal 
protons. Irradiation of the (He and Hd) signals produces a partially 
: 24 : 
decoupled NMR spectrum; which indicates that allylic coupling 
exists between protons He, Hf and Hg. 
NMR spectrum of cyanolipid II shows protons of the two 
methylene groups of the dihydroxynitrile moiety experiencing 
different shielding effects, probably caused by the cyano aroup 
being nearer to one methylene group than the other. This diffe-
rence manifests itself in the generation of two signals, one a 
singlet at d 4.87 and the other a doublet at d 4.68 for these 
protons. The latter signal is split by long range coupling with 
the vinylic proton, Ha, The other methylene protons are not 
noticeably coupled v.'ith Ha by virtue of their different stereo-
chemistry, A broad singlet furthest downfield ax d 5.55 is due to 
proton Ha, 
Q Hb Hb 
R - C - 0 ->C^ ^Ha 
R - C - 0 - C^ ^C=N 
II / \ 
° He He 
CYANOLIPID II 
Protons of the two methylene groups adjacent to acyl 
moiety carbonyls of II are equivalent and yield a triplet at 
d 2.36 instead of the four line pattern observed for these protons 
: 25 
in Cyanolipid I. A broadened triplet at d 5.32 of vinyl protons 
completes the spectrum. 
In case of Cyanolipid III the NMR data (d) are given 
below. 
2.36 ^g 1.91 5.24 
" ^ ^ /"^ Ha-C-Ha /"^ 
C 0. C = C 
R'' C^ "C: "CN 
° He He 
4.78 
CYANOLIPID III 
In Cyanolipid IV NMR signals (d) are illustrated bel 
1.86 5.78 
Ha Ha He /^^ 0 
C C R 
Ha "C ^ 0 ^C^ 
/^\ Hb Hb 
Hd He 2.39 
5.32 5.17 
CYANOLIPID IV 
ow. 
: 26 : 
Recently a note recommending NMR analysis of unfractio-
nated seed oils both as a quantitative and qualitative measurment 
57 
of cyanolipids has been reported . This procedure is, indeed, an 
effective method of determining the occurrence and amount of cyano-
lipids in oils; the limit of detection is not specified . This 
procedure, involving NMR analysis of relatively small quantities 
of unfractionated seed oil, has been successfully utilized to 
detect and identify cyanolipids in many species of Sapindaceae 
Infrared Spectroscopy 
IR analysis of cyanolipid- containing seed oils is not a 
particularly suitable detection method, but it can give valuable 
data when used in conjunction with other methods. Cyanolipids I 
and IV (cyanohydrin derivatives) produce no truely characteristic 
IR bands. The ester band -C=0 (1740 cm"""'-) of I is slightly 
broadened. Weak, broad bands in the 920-965 cm" and 1010 cm" 
regions, which probably reflect the =Q^^ grouping present in these 
cyanolipids. No -C=N absorption band is observed in the spectra 
of I and IV, because it is completely quenched by the proximity of 
the oxygen moiety . However, this 2230 cm" band is prominent in 
spectra of II and III because, in these structures, the bands 
intensity is increased due to conjugation of the carbon-nitrogen 
triple bond with the double bond and due to absence of an a-oxygen 
atomo 
: 27 : 
Mass Spectroscopy 
Mass spectral analysis is helpful in the structure 
determination because these lipids give molecular ions. Cyano-
lipids I and II, the diesters, give molecular ions for all possible 
combinations of any two acyl groups found in the cyanolipid esteri-
51 52 fied with the dihydroxynitrile of molecular weight 113 * . In 
Cyanolipid I, one of the most abundant molecular ions observed at 
m/z 671, This mass ion corresponds to that of the diester contain-
ing a CpQ saturated acid and a C-,g monounsaturated acid. A frag-
65 
mentation pattern was proposed for Cyanolipid I from Kusum oil . 
295 
321 
645 
390 265 0 
CHo 0 C (CHo)„ — CH = CH — (CHo)„ — CH 
'2^ n 
375 H2C=C 
CH •• 0 - C - (CH2)i8CH3 
O 
C=N 311 
2^ m 
n+m = 14 
C43"7704^ = "^71 
The fatty acid composition of Cyanolipid II indicates 
that the most abundant molecular ion probably would be derived 
from the diester incorporating a C2Q monounsaturated acid and a 
: 28 : 
C,o monounsaturated acid (m/z = 669); the mass spectrum demonstra-
ted that this conclusion is correct. Cyanolipids III and IV from 
53 56 
Stocksia and Ungnadia oils, respectively, produce a preponder-
ance of the molecular ion of m/z 389 from a C^ p, monoenoic ester of 
the hydroxynitrile function. 
Ultraviolet Spectroscopy 
52 Cyanolipids II and III from Koelreuteria show UV 
absorption in cyclohexane at 208 i^m; Cyanolipids I and IV possess 
no ultraviolet absorbing chromophore and can not be detected by 
this method. 
Biogenesis of NCLF in Plants 
Only a meager amount of research has thus far been 
reported concerning how these strange cyanolipids are produced in 
54 plants. Mikolajczak and co-v;orkers first pointed out that the 
structures of the hydroxynitrile portions of cyanolipids (I-IV) 
suggest that they might be derived from leucine, Seigler and 
co-workers ' tested this hypothesis in Acacia sieberiana which, 
although .not a member of Sapindaceae, contains the same hydroxy-
nitrile moiety as Cyanolipid IV, and in Koelreuteria paniculata 
which elaborates Cyanolipids II and III. 
: 29 : 
At this time it is not known if any relationship exists 
between the cyanogenic glycoside, cardiospermin, which occurs in 
vegetative parts of Cardiospermum hirsutum, and Cyanolipid I which 
68 is found in seed oil of the same species . Similarly, the 
occurrence in Acacia (Leguminosae) of a cyanogenic glycoside which 
is a derivative of the -hydroxynitrile moiety in Cyanolipid IV from 
Ungnadia (Sapindaceae) is somewhat surprising, especially since 
Cyanolipid IV occurs only in Ungnadia seed Oil. 
Two recent mini-reviews elaborate on certain aspects of 
some secondary metabolites ' , One of these reports reveals 
that all of the Cyanolipids IV found in Ungnadia speciosa seeds 
disappear within 3 days following germination. This finding 
strongly implies that in this one plant, cyanolipids function as 
a storage facility for materials needed at this specific point in 
its life cycle. 
Although, additional experiments with other species are 
needed, it seems probable on the basis of evidence at hand that 
leucine is, indeed, the precursor for the hydroxy- and dihydroxy-
nitrile portions of cyanolipids known to date. 
Discussion 
(b) A CYANOLIPID FROM KOELREUTERIA APICULATA SEED OIL 
In recent years, unique type of derivatives of glycerol 
have been discovered in the seed oils besides the common usual tri-
acylglycerol. Recently, acetotriglycerides * have been found 
naturally in the seed oils of family Celastraceae. Tetra acid 
43 glycerides have also been recently found to occur in natural oils, 
A new class of lioids 'cyanolipids* may be added to the above list. 
These cyanolipids co-occur with triglycerides in the seed oils of 
49 50 51 
the family Sapindaceae and Boraginaceae * . 
The growing use of modern methods of lipid analysis is 
expected to reveal new glyceride type compounds from the natural 
sources. It is being realised that among the aforementioned 
glyceride compounds, the occurrence of cyanolipids is more 
interesting in the seed oils. The biogenetic possibility for the 
occurrence of cyanolipids in natural mixtures of triglycerides is 
a matter of speculation. Keeping in view, the recent interest in 
the discovery of nitrile-containing lipids, it was considered 
desirable to search for these cyanolipids in natural seed oils. 
: 31 : 
Presence of nonglycerol esters with acyl triglycerides 
in the seed oils of Sapindaceae is reported , Occurrence of 
CoQ.-i (cis~ll-eicosenoic) acid as a common component of the oils 
71 
of Sapindaceae has been reported by Hopkins and Swingle 
57 Seigler developed a method of NMR spectral analysis of oils for 
the detection and estimation of cyanolipids in seed oils. Although 
all the cyanolipids reported so far were found to contain invari-
n 
ably C^^ acid as one of the acyl constituents, our recent work 
showed that Heliotropium (Boraginaceae) seed oils are rich in 
cyanolipids but do not contain any Cp^ acid. Instead C,^ and C,o 
acids are incorporated with the nitrogen-containing lipid fraction 
(NCLF), In continuation of our work on cyanolipid-containing seed 
8 9 59 
oils * * , we have investigated the seed oil from an additional 
sapindaceous plant, Koelreuteria apiculata to isolate and 
characterise its cyanolipid fraction. Seed oil of K. apiculata was 
extracted from finely ground seeds by a 16 hr extraction with 
petroleum ether (b,p,40-60 C) in a Soxhlet apparatus to afford 
34oby. of oil. The seed properties and oil characteristics were 
41 determined according to the standard AOCS procedures and data 
are summarized in Table III, The methyl esters were prepared by 
using !•/. sodium methoxide in dry methanol. Elemental analysis of 
the oil indicated that it contained 2,2>< of nitrogen. The seed 
72 
oil gave an intense prussian blue colour indicating the oresence 
of cyanide. 
: 32 
Table III: Analytical data on K. apiculata Seeds and Oil. 
Oil content {'/.) 34.5 
Moisture content {'/.) 4.2 
Protein content, Nx6.25 ('/.) 13.1 
Iodine value 93,3 
Saponification value 175,5 
Refractive index, n^SO 1,4817 
IR spectrum of this oil revealed a nitrile absorption 
band (2240 cm" ) of moderate intensity in addition to the bands 
normally found in spectra of triglycerides. The NMR spectrum of 
the oil exhibited signals at d 4.19 and d 4,27 for proton associ-
ated with dihydroxynitrile moiety in addition to the protons of 
long chain lipid group. Analytical TLC of the K. apiculata seed 
oil in 0.25 mm thick layers of silica gel with a reference 
54 
standard of Cardiospermum halicacabum oil was more revealing 
than IR spectrum. By using solvent system benzene, the nitrogen-
containing lipid fraction (NCLF) moved to R^ 0.48 whereas in 
etherthexane (1:3) it migrated at R^ 0,69, 
: 33 
Isolation and characterization of NCLF 
The seed oil was fractionated by nreparative TLC using 
ether:hexane (1:3; v/v) as the developing solvent into two compo-
nents, triglyceride 66.6^ i and NCLF 33.4^. The elemental analysis 
of NCLF gave 1.7>i of nitrogen. A comparison of TLC, IR and NMR 
data of the cyanolipid isolated in our current study with that 
54 
of C. halicacabum was sufficient for structural identification 
of the nitrile-containing moiety. The NCLF had a characteristic 
IR band at 2235 cm" for the nitrile group, NMR spectrum 
provided the most conclusive spectral evidence for the identity 
of NCLF. The NMR spectrum of NCLF exhibited few typical signals 
besides the common signals of long chain lipid group, d 0.92 
(terminal methyl), 1.24 (chain methylenes), 1.60 (protons ^ to 
carbonyl), 1.95 (protons a to the double bond), 2,29 (protons a 
to the carbonyl group) and 5,28 (vinyl proton). Protons of the 
two methylene groups of the dihydroxynitrile moiety gave signals 
one a singlet at d 4.82 and other a doublet at d 4.63. A broad 
52 
singlet furthest downfield is due to proton Ha . This NMR 
spectrum was found almost identical with the spectrum of the 
54 
cyanolipid reported from C. halicacabum seed oils. Thus a 
comparison of TLC, IR and NMR characteristics of the pure NCLF 
with those of known cyanodiol established the structure of the 
cyanolipid as a diester of l-cyano-2-hydroxymethylprop-l-ene-3-
ol. 
: 34 
0 
- 0 - CHr. R _ C    CHo H^ 
2. ^ a 
C = C 
R« _ C - 0 - CHo C=N 
Diester of l-cyano-2-hydroxymethylprop-l-ene-3-ol 
The fatty acid composition of the K. apiculata seed 
oil was determined by GLC analysis of the methyl esters on 
DEG3 columno The uncorrected weight percentages of the compo-
nent fatty acids are given in table IV, 
GLC analysis of the methyl esters of the total oil 
showed '^ 11'/. of monoenoic acid of the total fatty acids 
present in oil. This oil also contains about 45>< of a C^^-
monoenoic acid which is an interesting feature of cyanolipid-
containing sapindaceous seed oils. 
: 35 
Table - IV 
Fatty acid composition (Wt, yi) of the methyl esters 
of K, apiculata seed oil. 
Fatty acids Wt, yi 
(uncorrected) 
16:0 5.5 
18:0 0.5 
18:1 19.2 
18:2 8.0 
20:0 3.1 
20:1 44.6 
20:2 4.9 
22:0 5.7 
22:1 8,4 
Experimental 
1. General Methods 
Seeds were powdered with anhydrous sodium sulphate and 
on exhaustive extraction with petroleum ether (40-60 C) yielded 
34,5;^ of K, apiculata seed oil. Oil characteristics and seed 
properties were determined by AOCS methods . The methyl esters 
were prepared by using 1-/ sodium methoxide in dry methanol. 
Spectroscopic and chromatograohic analyses of oil and its esters 
were done in the same way as described in the section of analysis 
of 'iMinor Seed Oils', 
2. Detection of Cyanplipids 
Two tests were adopted to detect the presence of HCN 
in the seed oils. The cyanogenetic lipid material readily libera-
73 ted HCN by a standard picrate test , The other test involved 
72 
the formation of an intense prussian blue color thereby indica-
ting the presence of cyanide. 
: 37 : 
(a) Sodium Picrate Test 
About 50 mg of the liquid material was placed in a 
test tube with 1 ml of dilute NaOH or H^O.. A filter paper 
dipped in an alkaline solution of sodium picrate (0,5><) was 
partially dried and suspended over the mixture in the stoppered 
test tube. The mixture was warmed at 30-50 C for half an hour. 
A positive test involved a colour change from yellow to brick 
red of the filter paper. In this case the change in color was 
not clear. 
72 (b) Prussian Blue Test 
The liquid material was placed in 5C ml conical flask 
with 2 ml of methanol and either 1 ml of 10>< NaOH or 1 ml of 6N 
H^SO-. When NaOH was used, the mixture was heated for a few 
minutes on a waterbath and then acidified with H^SO.. A filter 
paper moistened with NaOH solution was placed over the mouth of 
the flask which was warmed subsequently for a few minutes. The 
filter paper was then removed and it was treated with few drops 
of 5yi FeSO. solution and, when nearly dry, then with 10;^  HCl. 
Appearance of prussian blue color indicated a positive test for 
cyanide. 
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3. Isolation of Cyanolipid 
Isolation of cyanolipid was done by preparative plates. 
For preparative TLC separation plates (20x40 cm and 1 mm thick) 
were used. The spots were detected by spraying with an alcoholic 
solution of 2*,7'-dichlorofluorescein and viewing them under UV 
light. The separated bands were scraped, extracted from silica 
gel by the standard method and the purity of the components was 
examined by analytical TLC. 
Chapter-3 
Theoretical 
(a) PALMITOLEIC ACID (CIS-9-HEXADECENOIC ACID) 
C, z;-monounsaturated acids are not as common in seed 
fats as those of C,g chain lengths. Among the C,^-acids, the 
cis/trans-monounsaturation has been reported at the 11,9,7,6, 
5 and 3-positions. These hexadecenoic acids usually are found 
T A T ^ '7*7 
in small quantities in seed fats "" . Spencer et, a_l, have 
reported the presence of cis-6-hexadecenoic acid (82,2:^ ) in the 
seed oil of Thunbergia alata. The cis-9--hexadecenoic (palmito-
7R leic, C,g^  , ) acid was reported in Doxantha unguis-cati (64>^), 
79 80 
Roureopsis obliquifoliata (32><), Ochna artopurpuria (25,6^i), 
81 8"? 
Zanthoxylum alatujn (15.4>i) and Tricuspedaria lanceolata 
(Ibyi) seed oils. 
Discussion 
(b) PALMITOLEIC ACID IN ZANTHOXYLUM BUDRUNGA (RUTACEAE) SEED OIL 
This investigation deals with the isolation and charac-
terization of the palmitoleic acid in Zanthoxylum budrunga seed 
oilo 
Zanthoxylum budrunga, Wall, (Vern, Budrung) is a tree 
of family Rutaceae, It is found in tropical Himalaya, Kumaon, 
forests of Sylhet, Khasia mountains, Chittagong and Martaban. 
Fruits of Z. budrunga are used for its aromatic, 
astringent, stimulant and digestive properties. It is prescri-
bed in dyspepsia and some form of diarrhoea. Fruit is also < 
given in honey in rheumatism. Root bark is considered a purga-
83 tive of the kidneys 
Exhaustive extraction of the ground seeds of 
Z, budrunga with petroleum ether (40-60 C) in a Soxhlet appara-
tus gave 21<,lj< oil. Oil was subsequently neutralized by passing 
it in chloroform through a short column of alumina to remove the 
free fatty acids. Physico-chemical properties of seeds and oil 
41 have been determined by AOCS methods and are given in Table-V, 
: 41 : 
Table-V: Analytical data on Z. budrunga seeds and oil. 
Seeds 
Seed Oil 
Oil content i/.) 21.1 
Protein content, Nx6.25 {-/.) 12.7 
Moisture {'/) 4.1 
Iodine value (Wijs) 93.5 
Saponification value 192,5 
Refractive index, nQ27 1,4857 
Ultraviolet (UV) Usual 
Infrared (IR) Usual 
UV and IR spectral analyses of the oil and its methyl ester 
showed no conjugation/_t£ans_-unsaturation or any other unusual 
functional group. Direct TLC indicated the presence of only 
usual fatty acids, Argentation TLC of the methyl ester gave 
clear spots corresponding to the saturates, monoenes, diene and 
triene, 
GLC analysis of the methyl ester of the oil from 
Z, budrunga seed oil with the use of the non-polar SE-30 column 
gave C,^ and C.,g fatty esters while a polar DEGS column gave six 
well defined peaks for C^^.Q, ^^^6:1' ^ 18:0» ^18:1» ^18:2 ^ "^ ^ 
^18:3 (Table-Vl), 
A portion of the methyl ester was separated into four 
fractions by preparative argentation TLC and their component 
fatty acids are given in Table-VII, 
: 42 : 
Table-VI: Fatty acid composition (Wt. '/.) of methyl ester of 
Z, budrunga seed oil (DEGS Column). 
Fatty acids Wt. /. 
Palmitic (16:0) 
Palmitoleic (16:1) 
Stearic (18:0) 
Oleic (18:1) 
Linoleic (18:2) 
Linolenic (18:3) 
26.2 
10.0 
5.1 
34.1 
14.2 
10.4 
Table-VII: Fatty acid composition of individual fractions of 
Z, budrunga methyl ester isolated by Ag'^/TLC. 
F r a c t i o n s 
I ( S a t u r a t e d ) 
I I (Monoene) 
I I I (Diene) 
IV (Tr iene) 
Wt. '/. by 
AgVlLC 
30.8 
43 ,9 
14 .0 
1 0 . 3 
Acids 
16 :0 
18:0 
16 :1 
18 :1 
18:2 
18 :3 
Wt. y. 
(DEGS Column) 
8 3 . 4 
16 .6 
22 .5 
77 .5 
100 
100 
Fraction I (30o8>< by weight) was analysed by GLC and 
found to be saturated esters (Table-VII). No absorption of 
hydrogen takes place. The palmitic and stearic acids were 
: 43 : 
identified by their emergence times under GLC with those of 
standard methyl esters. 
The monoene fraction II (43»9/ by weight) showed the 
presence of C,, , (22,5'/.) and C,g , (77<,5;<) acids. No indica-
tion of trans-unsaturation was obtained by the examination of 
IR spectra. 
In order to determine the position of the double bond, 
a portion of fraction II was subjected to oxidative cleavage by 
periodate-permanganate (Scheme-l), The acidic products were 
recovered and esterified with diazomethane and the resulting 
methyl esters were examined by GLC using DEGS column. The C^ 
and Cg monocarboxylic acids were equivalent to the proportion of 
C,^ , and C-jo.i acids. It is apparent that the heptanoic acid 
(C^, Via) came from oxidation of the hexadecenoic acid. It has 
already shown by GLC retention time that C,g monoene has double 
bond between CQ-C,Q, which on splitting gave Cg monocarboxylic 
(nonanoic) acid (VIb), The only dicarboxylic acid detected was 
azelaic acid (VII), the proportion of which was double than the 
content of monocarboxylic acids. 
These oxidative cleavage data established the prese-
nce of cis-9-hexadecenoic and cis-9-octadecenoic acids in ester 
fraction II. 
: 44 : 
CHj - (CHj)^ 
Scheme - 1 
9 
CH = CH - (^2)7 - COOCH^ 
(Va,b) 
MnOT/Io: 
CH3 - (CH^)^ - COOH + HOOC - (CU^)^ - COOH 
(VIa,b) (VII) 
Va n=5; methyl cis-9-hexadecenoate 
Vb n=7; methyl cis-9-octadecenoate 
Via n=5; heptanoic acid 
VIb n=7; nonanoic acid 
The diene f rac t ion I I I (14,0;^ by weight) has the 
same re ten t ion time as tha t of standard sample of l i n o l e i c 
acid, IR absorption showed no t r ans -unsa tu ra t i on . Oxidative 
cleavage products by GLC analys is showed the presence of C^  
mono- and CQ di-carboxyl ic ac ids . Thus t h i s f rac t ion was 
iden t i f i ed as cis-9,12--octadecadienoic ( l i n o l e i c ) ac id . 
The t r i ene f rac t ion IV (10,3;^ by weight) also showed 
no t r ans absorption. By comparing i t s r e t en t ion time with tha t 
of standard samole of l i n o l e n i c acid and GLC analysis of i t s 
: 45 : 
cleavage products showed it to be a octadec-K:is-9,cis-12,cis-15 
trienoic acid. 
Experimental 
(1) General Methods 
Spectroscopic and chromatographic analyses of oil and 
its ester were done in the same way as described in the first 
chapter. Seed and oil properties were determined by AOCS 
+ K ^ 41 
methods 
(2) Separation of Methyl Esters of Z, budrugna Seed Oil by 
AgVlLC 
The methyl ester of Z. budrunga seed oil was separated 
into saturates, monoenes, diene and triene fractions by using 
preparative TLC plates (20x20 cm) coated with 0.5 mm thick layer 
of silica gel G containing 12/ AgNOo. A mixture of petroleum 
ether-diethyl ether (7:3, v/v) was used for developing the 
plates. The bands were visualized by spraying the plates with 
Oo2>< alcoholic solution of 2',7'-dichlorofluorescein and viewing 
under ultraviolet (UV) light. The individual bands corresponding 
to saturates (Fraction I), monoenes (Fraction II), diene 
(Fraction III) and triene (Fraction IV), were scraped from the 
plates and extracted with diethyl ether. Each fraction was 
analyzed by GLC and the composition is given in Table VII. 
: 47 : 
84 (3) Permanganate-Periodate Oxidations of Fract ion I I , I I I and 
IV 
Fraction II (0»1 g) was stirred 4 hr with sodium 
periodate (0,80 g), potassium permanganate (0.02 g) and potassium 
carbonate (0,38 g) in water (70 ml). The reaction was terminated 
by addition of excess of sodium bisulphite. The mixture was 
acidified with dilute sulphuric acid and extracted repeatedly 
with diethyl ethero Combined ethereal portion was washed with 
water and dried over anhydrous sodium sulphate. The products 
obtained were esterified with diazomethane and identified by GLC 
using reference standards. 
Fraction III and IV were treated with permanganate-
periodate as described above. 
Chapter-4 
Theoretical 
(a) CYCLOPROPENOID FATTY ACIDS 
Seed lipids of botanical families of the order Malvales 
(Sterculiaceae, Bombaceaej Malvaceae and Tiliaceae) "" are known 
go 
for their cyclopropenoid fatty acid (CPFA) constituents. Nunn 
in 1952 has reported the first CPFA, 9,10-methyleneoctadec-9-
enoic acid (sterculic acid; SA) from the seed oil of Sterculia 
foetida (Sterculiaceae). Malvalic acid (MA; 8,9-methylenehepta-
dec-8-enoic acid), a homologue of sterculic acid, was first 
90 
characterized by MacFarlane ejt a_l_. It is a component of cotton 
91 
seed oil triglycerides , Both the acids, viz. sterculic and 
malvalic often occur together. Presence of CPFA from six species 
92 93 
of Adansonia was reported, Abutilon pannosum seed oil was 
94 95 
also found to contain CPFA. Recently, Berry * reported the 
occurrence of CPFA in Sterculia monosperma, Gnetum gnemon and 
Durio zibethinus seed oils. 
A number of other cyclopropenoid fatty acids have been 
reported as seed oil constituents; D-2-hydroxysterculic acid in 
96 97 
the seed oil of Pachira aquatica , £, insignis , Bombacopsis 
97 glabra and sterculynic (8,9-methyleneoctadec-8-ene-17-ynoic) 
: 49 : 
98 
acid in seed oil of Sterculia alata . Presence of malvalic and 
99 
sterculic acids have reported by Badami e_t al. from the seed 
oil of S. alata. 
100 Raju and Reiser reported the presence of CPFA of 
shorter chain length than MA by GLC retention time. Johnson 
et al. indicated the presence of C,-^-cyclopropene in certain 
M alva species, A C,p-cyclopropenoid acid was identified in the 
102 Euphoria longans seed oil, 
103 Pavonia sepium seed oil is the first member of the 
family Malvaceae in which SA content was found to be greater than 
that of MA. Ahmad _ejt a_l_. * reported similar observations 
(SA > MA) in the seed oils of Urena lobata and Sida rhombifolia 
105 
of the family Malvaceae. Seed oil of Eriolaena hookeriana 
contains more MA than SA. From our laboratory CPFA have been 
3 3 
reported in the seed oils of Sida acuta , S. rhombifolia , 
Hibiscus caesius , H. sabdariffa , Guazma tomentosa , 
So grewioides , Pentapetes phoenicea , Abutilon indicum , 
H, mutab11is , Abelmoschus moschatus , Altheae officinalis 
108 
and Kleinhovia hospita 
It is well established that CPFA exert toxic and other 
go 1 1 "3 
adverse effects in a variety of animals * . Many physiologi-
cal disorders in animals, including altered egg production and 
: 50 : 
f e r t i l i t y in chickens, delayed sexual maturi ty and slow growth 
go 114, 
in rats are due to cyclopropene ring ' , CPFA were first 
reported to be cocarcinogenic ' and then demonstrated to 
117 118 be carcinogenic »-L-I-O^  J^ ^33 reported that cyclopropene fatty 
1 1 Q 1 OCi 
acids decreased the levels of microsomal cytochurome P-450 » , 
Recently, these effects and their underlying cause have been 
191 
reviewed . Malvalic and sterculic acids have different 
physiological activity, SA is reported to have greater physio-
122 logical activity than MA 
Quantitation and Characterization of CPFA 
The quantitation of CPFA is of great importance 
because of their biological effects. The existing CPFA quanti-
tation techniques have been found to be less than adequate and 
have resulted in a long search for a method with acceptable 
reliability and precision especially at the levels of low range 
found in products consumed in human diet. Essentially following 
methods are used in the quantitation of CPFA: 
(a) Halphen test, 
(b) HBr - t i t r a t i on , 
(c) Gas-l iquid chromatography, and 
(d) Spectroscopic methods 
: 51 : 
(a) Halphen Test 
It is well known that the CPFA containing seed oils 
123,124 
responded to Halphen test , giving a red or orange color . 
85 
Zahorsky e_t al_. established the structure of the colored 
compounds formed by cyclopropene ring with Halphen reagent. The 
Halphen reaction involves formation of a chromogen that is 
125-127 
measured colorimetrically for quantitative analysis of CPFA 
by using 1-/. solution of sulphur in carbon-disulphide, which react 
with the cyclopropene ring. Very recently, it was reported that 
198 
participation of CPFA in the Tortelli-Jaffi reaction with 
bromine produced blue colour. 
(b) HBr-titration 
This method is widely used for the quantitation of 
129-132 CPFA in seed oil, HBr-titration ^ deals a quantitative 
133 
reaction of CPFA with HBr, Feuge e_t a_l. used, 4-phenylazo-
diphenylamine as a color indicator in an improved method. 
Zeringue e_t al_, employed a potentiometric titration for HBr-
titration, 
(c) Gas-liquid Chromatography (GLC) 
There are two basic GLC techniques used in the CPFA 
quantitation: (i) Direct GLC of CPFA, and (ii) GLC of CPFA 
derivatives. 
: 52 : 
Recourt and coworkers used a direct GLC technique 
for the analysis of methyl esters of CPFA containing seed oils 
and reported that CPFA tend to decompose and isomerize as they 
1CX),135,136 
pass through GLC column ' . Recently, Fisher ejt al» 
reported a method for the analysis of CPFA with a glass column 
packed with a methylsilicone substrate on an inner support and 
concluded that methyl sterculate and methyl malvalate can be 
chromatographed without decompositions 
GLC of derivatized products of CPFA have been proposed 
as primary methods * . Coleman had concluded that the 
100 
methods adopted by Raju e_t al. was unsatisfactory and that the 
method of Schneider _e_t al, was satisfactory at high level of 
CPFA. The CPFA contents are suitably modified chemically by 
11^ ITQ lAQ 141 
hydrogenation * * or by reaction with mercaptans or 
silver nitrate ' in methanol and nonhydroxy solvents (such 
as acetonitrile or acetone etc,). 
The following derivatives were formed by treatment of 
AgmjR'OH, 
CHJDR' CH^OR^'' 
/ \2 /, R-C=CH-R' + R-CH=C-R' 
R-C = C-R' + AgNO^ ^ ^" ) (major) 
CH 0 
II 2 II 
R_C-C-^' + R-C-C-R' 
II II 
0 CH2 
(minor) 
: 53 : 
1 >1 O 
Loveland ejt al_. have analysed cyclopropenoid fatty 
acid methyl esters by HPLC, 
(d) Spectroscopic Methods 
Spectroscopic methods such as infrared (IR) and nuclear 
magnetic resonance (NMR) have been tried for quantitation of CPFA, 
but is of little practical importance, IR spectra of CPFA illus-
trated two distinct bands, one at 1CX)8-1010 cm" which is attri-
buted to the in-plane wagging vibration of the ring methylene 
group; the additional weaker band at 1852 cm" ascribable to the 
stretching frequency of ring double bond. Measurement of the 
absorption at 1008-1010 cm" has been suggested as a method of 
estimating the total content of cyclopropene ring. In NMR spect-
rum the cyclopropene methylene protons were observed at d 0.76 
(singlet), Pawlowski £t al. reported the use of NMR as a 
rapid and quantitative method for detecting cyclopropene ring in 
lipids. 
The silver nitrate derivatives can be successfully 
91 105 
used for GC-MS analysis * . From the author's laboratory 
GC-MS of AgNOo-methanol treated methyl esters of Eriolaena 
105 hookeriana have been reported. The utility of this reaction 
is that unsaturated components present initially remain unaffec-
ted and can be isolated and determined separately. 
: 54 : 
The Biosynthesis of CPFA in plants 
The mechanism of biosynthesis of cyclopropene fatty 
acids in higher plants are less understood and has been briefly 
14'S 
reviewed . Theories on the biosynthesis of the CPFA can be 
summarised as follows: 
(1)-^^^ Oleic acid + CH^ ^ Dihydrosterculic acid (DHS) 
i 
Dihydromalvalic acid 
(DHM) I 
(2)-'-'^ *^-'-'^ '^  Stearolic acid + CH^ ^ S^ ^ ^ 
I 
he 
(3) C, ^ -monounsaturated acid + CH2 > DHM 
Hooper ejt al.. and Johnson and coworkers , in t 
study of several C-labelled compounds, showed that L-methionine 
was the most efficient precursor of the ring methylene. From the 
variations in the labelling pattern with duration of incubation, 
they concluded that the probable pathway was oleic — > DHS — ^ SA 
and that Bu'Lock's suggestion of acetylenic precursors for the 
149 
cyclopropene acid v/as not supported by their results. Yano ejt al. 
evidenced that in higher plants (Malvaceae) the CPFA biosynthetic 
pathway (Scheme-2) involves the initial formation of DHS from 
oleic acid, with subsequent desaturation to sterculic acid and a-
oxidation to malvalic and DHIA acids. They have confirmed that 
: 55 : 
Scheme - 2 
CH 
CH^ addition / V 
-HC = CH . .. . :—:—» -CH—CH-
«i^^o -.r^^A (methionine) oleic acid ' 
DHS 
a-oxidation 
D™ 
desaturation 
/ \ 2 
-> -C = C-
SA 
a-oxidation 
-> MA 
methionine, presumably as S-adenosyl methionine, is the methylene 
donor and that in the callus tissue cultures, in the medium used, 
methionine concentration may be rate limiting. There is no 
evidence that stearolic acid is involved in this sequence. 
Discussion 
(b) CYCLOPROPENOID FATTY ACIDS IN SEED OIL OF FIRMIANA COLORATA 
(STERCULIACEAE) 
Recently, cyclopropenoid fatty acids (CPFA) have been 
a topic of much research due to their profound biological effects 
. , 150,151 ^ - . 4.. 115,116 
on animals ' and cocarcmogenic properties ' . As a 
part of screening programme aimed at the search of biologically 
active cyclopropene acids in minor seed oils, it was considered 
worthwhile to examine Firmiana colorata (Sterculiaceae) seed oil. 
It has been reported that the seed oils of family Sterculiaceae 
contain CPFA in their glycerides. 
The investigation of F. colorata seed oil revealed that 
it contained an appreciable amount of CPFA, Petroleum ether 
(b.p.40-60 C) extraction of the crushed seeds yielded 20,3^ oil 
in F. colorata which contained 1,4'/. unsaponifiable matter. Seed 
properties and oil characteristics were determined by the 
41 
standard AOCS procedures and the data are summarized in Table-
VIIIo HBr-titration of oil at 55 C indicated the presence of 
18,7/ of HBr-reacting cyclopropene ring content. 
: 57 : 
Table - VIII 
Analytical Data on F. colorata Seeds and Oil 
Seeds 
Oil content (/.) 20.3 
Unsaponifiable content ('/.) 1,4 
Protein content, Nx6,25 (yi) 18,6 
Moisture M 6,2 
Seed oil 
Iodine value (Wijs) 103.4 
Saponification value 198.5 
Refractive index, n^ig 1,4898 
Halphen test Positive 
HBr-equivalent 18,7 
The oil and the fatty acid methyl esters prepared by 
sodium methoxide transesterification responded to Halphen color 
123,124 
test , thereby indicating the presence of cyclopropenoid fatty 
acids. The IR spectrum of the crude oil displayed a sharp band 
at 1010 cm" and a weak band at 1852 cm" . NMR spectrum showed 
cyclopropene methylene protons as a singlet at d 0,72 confirmed 
the cyclopropene ring. UV maxima for conjugated unsaturation in 
the range 228-315 nm was not observed. The possibility of trans 
unsaturation and presence of any unusual fatty acid other than 
: 58 : 
CPFA in the oil was ruled out on the basis of TLC, UV, IR and 
152 153 NMR spectroscopy, picric acid and DNP tests. 
Direct TLC revealed the occurrence of only non-oxygena-
ted esters in the seed oil of F, colorata. Argentation TLC of 
sodium methoxide transesterified oil gave corresponding spots of 
saturates, monoenes, diene and triene parallel to those obtained 
from S. foetida esters resolved alongside. An additional spot 
trailing just behind the spot of saturates was observed which was 
presumed to be due to the presence of CPFA in the seed oil. Clear 
spots of usual critical pairs and an additional soot corresponded 
to cyclopropene esters, as did the S, foetida esters, were 
observed on a siliconised plate. 
The GLC of methyl esters was done after treatment with 
silver nitrate-methanol to form stable derivatives of CPFA, 
following the procedure of Schneider ejt al_, GLC analysis of 
silver nitrate-methanol treated methyl esters of F. colorata 
clearly established the presence of malvalic (4.3/) and sterculic 
(14.7/) acids by comparison of the relative retention time with 
that of the derivatives of S. foetida ester used as the reference 
standard. Besides the CPFA, the seed oil of £. colorata contains 
other normal fatty esters as given in Table-IX. GLC estimation 
of cyclopropenoid acid esters were in close agreement with HBr-
titration. 
59 
Table - IX 
Fat ty acid composition of AgNOo-methanol reacted methyl e s t e r s 
(Wt. •/.) derived from F. co lora ta and S, foet ida seed o i l s . 
Fat ty Acids Fo colora ta So foetida 
26.9 
-
2 . 2 
7 . 4 
43.2 
1 ,2 
3.4) 
+ ) 4 . 
0 . 9 ) 
12 .9) 
+ )14= 
1.8) 
,3 
.7 
26.0 
loO 
3 . 4 
9 . 4 
1 .3 
0 . 6 
6.5) 
+ ) 7 .1 
0 .6 ) 
48,8) 
+ )51 .2 
2.4) 
Palmit ic (16:0) 
Palmitoleic (16:1) 
S tea r i c (18:0) 
Oleic (18:1) 
Linoleic (18:2) 
Linolenic (18:3) 
Malvalic 
Sterculic 
(Ether derivative) 
(Ketone derivative) 
(Ether derivative) 
(Ketone derivative) 
Standard reference of malvalic and sterculic acids. 
Experimental 
(1) General Methods 
Spectroscopic and chromatographic analyses of oil and 
ester were carried out in the same way as detailed in the chapter 
of analysis of 'Minor Seed Oils'. 
(2) Seed and Oil Characteristics 
Ground seeds were exhaustively Soxhlet extracted with 
petroleum ether (40-60 C) and the solvent was evaporated i_n vacuo 
in a rotatory evaporator. The analytical values of oil and seeds 
were determined according to the procedures recommended by the 
AOCS^ -^ . 
(3) Halphen Color Reaction-*-^ ^ 
A solution of sulphur (I'/i in CS^) was orepared for the 
Halphen test. Oil (1 ml) was taken in amyl alcohol (1 ml) and 
mixed with 1 ml of the above reagent. The reaction mixture was 
then heated on water bath for few minutes till CS^ had boiled 
off. On keeping the test tube in an oil bath (110-115 C) for 
1-2 hr, a red colour, characteristic of CPFA, developed. 
: 61 : 
1 2Q 
(4) Hydrogen Bromide Titration of the Oil 
The quantitation of total cyclopropenoid material was 
done by titration of a weighed amount of oil with O.IN hydrogen 
bromide solution using crystal violet as an indicator at 55 C to 
a bluish-green end point, that persists for 30 seconds. The result 
v;as expressed as hydrogen bromide equivalent (HBE), The percentage 
of CPFA content was calculated by the equation, 
29.45 X N X V 
weight of the sample (g) 
where N= Normality; V= Volume of HBr consumed in titration (ml) 
(5) Preparation of Methyl Esters 
The fatty acid methyl esters were prepared by trans-
esterification of oil (1 g) in 50 ml of 0,5N sodium methoxide. 
The reaction was allowed to proceed by refluxing for 20 minutes 
and kept at room temperature for 4 hr. After acidification with 
acetic acid the methyl ester was extracted vyith ether as usual 
and examined qualitatively by TLC techniques prior to GLC 
analysis, using S. foetida ester as reference standard. 
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(6) Characterization of CPFA from F. colorata Seed Oil 
A 200 mg of methyl ester of F, colorata seed oil was 
treated with 60 ml of absolute methanol saturated with silver-
nitrate. The reaction was allowed to proceed with 24 hr shaking 
at room temperature. The reaction products from cyclopropenes 
along with normal esters were recovered from the reaction mixture 
by adding 100 ml of distilled water and repeated extraction with 
ether. The ether extracts were dried over sodium sulphate (Na„30^) 
and evaporated in a stream of nitrogen. 
Freshly prepared methyl ester of S. foetida seed oil 
were also treated with silver nitrate-methanol as detailed above. 
The esters containing sterculate and malvalate derivatives, thus 
obtained, were used in GLC analysis as reference standard. 
Component acids identification was made by comparing 
its retention time with that of reference standard. Comparison 
of the relative retention times of the derivatives of S, foetida 
ester with that of F. colorata ester clearly established the 
presence of sterculic and malvalic acids in the seed oil. All 
GLC data reported are given as area percentage (Table-IX), 
Chapter'5 
Theoretical 
(a) EPOXY FATTY ACIDS 
The oxygenated f a t t y acids containing epoxy groups 
occur na tu ra l ly in seed o i l s from more than 70 species of 15 
154 155 
p lan t f ami l i es , Krewson and Earle reviewed the l i t e r a t u r e 
on epoxy seed o i l s . The f i r s t epoxy acid, c i s -12 ,13-epoxy-c i s -
156 9-octadecenoic ^vernolic) acid was discovered by Gunstone in 
Vernonia anthelmint ica (Compositae) seed o i l . The isomer of 
t h i s acid, coronaric (cis--9,10-epoxy-cis-12-octadecenoic) acid 
157 
has been repor ted from the seed o i l of Chrysanthemum coronariua. 
These two epoxy acids are s t r u c t u r a l l y r e l a t e d to the l i n o l e i c 
acid , A sa tura ted epoxy s t e a r i c (£is,-9,10-epoxyoctadecanoic) 
acid was repor ted in the seed o i l of Tragopagon p o r r i f o l i u s by 
158 159 
Chisholm and Hopkins , while Tulloch found i t in the spores 
of Lycopodium, The t r ans isomer of t h i s acid was i so la ted and 
160 charac ter ized by Vioque from the seed o i l of Oruja (olive 
o i l ) . Kleiman et_ a l , have repor ted the previously unknown 
epoxy acid, ciS"9,10"eDOxy-trans»3,cis-'12-K)ctadecadienoic acid 
in Stenachaenium macrocephalum seed o i l . Spencer reported, 
(•f)cis-12.13-eDOXv~cis-6,ci3~9-octadecadienoic (2j<) and (+)£ i£-
12,13-epoxy- t rans-6 ,£ is -9-octadecadienoic (14j<) from the seed 
: 64 : 
o i l of Crepls conyzaefolia (Compositae), A C20 homologue of 
vernol ic acid named alchornic [ ( + ) £ i s - 1 4 , 1 5 - e p o x y ' < i s - l l - e i c o s e -
noic] acid has been i so la t ed from Alchornea c p r d i f o l i a seed o i l 
by Kleiman e t al.-"-^^. 
The co-occurrence of epoxy ac ids , c is-9«10-epoxystear ic 
acid and c i s -9 ,10-epoxy-c is - l2-oc tadecenoic was i d e n t i f i e d by 
Mikolajczak and co-workers in Helianthns annuus seed o i l in 
165 
addi t ion to the e a r l i e r report of Morris ejt a l . The seed o i l 
of Xeranthemum annum was shown to contain both coronaric acid 
(8?i) and vernol ic acid (2j<). A new epoxy ac id , cis-9«10-epoxy-
octadec-12-ynoic acid was i d e n t i f i e d as a minor component of 
1 fs'l 
Helichrysum bracteatum (Compositae) seed oil along with the 
1 ftfK 
previously i d e n t i f i e d coronaric ac id . In our labora tory , a 
new epoxy acid , c i s -3 ,4 -epoxy-c i s - l l -oc tadeceno ic acid {11,^yi) 
was i so la ted from the seed o i l of Vernonia roxburghi i alongwith 
169 
vernol ic acid (56.8j<), Mucuna p r u r i t a (Leguminosae) was also 
found to contain vernol ic acid (4>i) and the previously un iden t i -
f ied t rans isomer (l?i, c is-12,13-epoxy-trans-9-octadecenoic ac id ) . 
Recently, from our l abora tory the seed o i l s of Mucuna 
prur iens , Hibiscus mutabi l i s , H, esculentus , Abelmoschus 
119 171 172 
moschatus , Kige l ia pinnata , Cosiaos sulphurous , Malva 
•170 1 7 4 
s y l v e s t r i s and Leonurus s i b i r i c u s have been found t o con-
t a i n epoxyoleic" acid in varying amounts. Recently, Vernonia 
: 65 : 
175 
volkameriaefolia seed oil has been found to be a rich source 
of vernolic acid. 
These epoxy acids may be regarded as derivatives of 
oleic, linoleic and linolenic acids in which one of the usually 
present double bond is epoxidised through metabolism. Seed oils 
rich in epoxy acids are of potential interest as replacement for 
synthetic epoxy compounds used as stabilizers for plastic 
materials and also as starting material for the preparation 
177 
of other derivatives. Swern ^  ^ , have tested epoxy compounds 
for carcinogenic activity. 
Detection and Characterization of Epoxy Acids 
Chemical screening of seed oils containing HBr-reactive 
fatty acids often gives unexpected response to analytical proce-
dures in general use. Therefore, in detection, isolation and 
structure determination of epoxy fatty acids, numerous problems 
arise which require special attention. When the presence of 
epoxy acid in the seed oil is suspected, it should be examined 
as carefully as possible by non-<lestructive techniques. 
Chromatographic and spectroscopic techniques have been 
used for the detection and characterization of the epoxy acids 
in the seed oils. Direct TLC of the compound reveals the 
presence of oxygenated functional group and the picric acid TLC 
: 66 : 
1 CO 
test confirms the presence of epoxy group. Appearance of 
orange color spot clearly irtdicates the presence of epoxy group 
even in a mixture with other groups. The orange spot is due to 
the formation of hydroxyl-picjryl ether adduct which in the 
presence of a base has a reddish orange colour. The quantitative 
129 determination is made by HBr-titration at 3 C. The results 
are expressed as hydrogen bromide equivalent (HBE) and calculated 
178 17Q 
as epoxyoleic acid. Reversed phase TLC and argentation TLC 
are also used to separate various isomers of epoxy fatty acids, 
IR, NMR and mass spectroscopies are also helpful in 
ascertaining the structure of even the small amount of epoxy 
acids present in an oil. The IR spectra of epoxy esters show 
two characteristic bands for epoxy function at 840 cm~ and 826 
cra""^ . cis And trans epoxyoctadecanoates may also be distingui-
shed from each other by the absorption bands at 892 cm~ for 
trans and 833 cm for the £i^ epoxy isomers. NMR is also very 
helpful to characterize an epOxy acid. For the most isomers, 
the epoxy ring protons give a signal around d 2,69 for cis 
epoxide and d 2.45 for trans epoxide, though these values change 
slightly when the epoxide group is near to the ester or «-methyl 
group^^. The epoxide group exerts a weak deshielding influence 
on the CHo- and -CH2COOCH- signals when the epoxide approaches 
181 to these groups 
: 67 : 
The f a t t y e s t e r s c o n t a i n i n g the epoxy groups in the 
cha in g ive mass s p e c t r a , t h e i n t e r p r e t a t i o n of which i s so 
s t r a i g h t forward t h a t e p o x i d a t i o n and MS form an e s t a b l i s h e d 
p rocedure t o l o c a t e t h e double bond. For example, t h e spectrum 
182 
of methyl 9 , 1 0 - e p o x y s t e a r a t e has a base peak a t m/z 155 a r i s -
ing from c leavage a - t o t h e epoxide r i n g . a -Cleavage on the 
o t h e r s i d e of t h i s s u b s t i t u e n t produces a much s m a l l e r but s i g n i -
f i c a n t peak a t m/z 199. 
199 "^^ > 171 
t ^^ 
CH3 - (CH2)7 - CH—CH - (CH2)7 - C \ / 
0 
155 <-i 
^ 0 C H 3 
180 Gunstone and Jacobsberg have examined the s p e c t r a 
of a l l 31 isomers of methyl epoxyoc tadecanoa te s . They extended 
t h e two major fragmenl^ation pathways proposed by Apl in and 
Coles-^®'^ t o four ( 1 - 4 L 
-CH2-rCH—CH ^ -^H^+CH—CH— (1) 
X. Y 
-Ca,—CH-rCH > - C H T - C H CH > -CH=CHfHO=CH- (2) 
: 68 I 
H 
rx. + . 
-CHr^H > -C CH > -C=0+CH«- (3) V V 
+. 
-CHT-C > -CHo+0=C- (4) 
GLC is also a good method for the detection and quanti-
tation of long chain epoxy acids. The GLC behaviour of cis and 
180 trans epoxy esters is summarised by Gunstone et al. The use 
of GC-MS becomes a very powerful method for the study of epoxy 
esters. 
The s t ruc tu r e of epoxy acid i s best es tab l i shed by the 
156 well known Gunstone's c l a s s i c a l degradat ion method , which 
involves the cleavage of the d io l produced by acid hydrolys is , 
157 Smith e t a l . es tab l i shed the s t r u c t u r e of coronaric acid as 
cis~9,10-eooxv-cis-12-octadecenoic acid by the procedure of 
156 Gunstone . 
Discussion 
(b) SEED OILS CONTAINING EPOXY FATTY ACIDS 
The seed oils containing high concentration of epoxy 
acid appear to be of potential use in plastic formulations, 
protective coatings and other industrial products. Epoxy comp-
ounds have also attracted attention due to their cocarcinogenic 
177 
activity , Among the epoxy-containing seed oils, the most 
promising species apoear to be Vernonia anthelmintica , 
154 155 184 
Stockesia laevis , V„ galamensis and Euphorbia lagascae 
In connection with our continuing studies of searching new epoxy-
containing oils, the seed oils of three species have been exami-
ned. Two of them, Centratherum ritchiei and Sonchus oleraceus of 
Compositae family were found to contain vernolic acid while the 
seed oil of Acacia albida (Leguminosae) contains coronaric acid. 
(i) SEED OltS CONTAINING VERNOLIC ACID 
In the present study a detailed analysis of two seed 
oils of Centratherum ritchiei and Sonchusoleraceus, both of 
family Compositae was carried out. It was observed that both the 
species analysed were found to contain 30.1>< and 13,7>< of HBr-
reactive epoxy acid, respectively. 
: 70 : 
Oils were extracted from the ground seeds of C, ritchiei 
and ^ , oleraceus with petroleum ether (40-60 C) giving oils in 
19. Ij^  and 14,5^^ respectively. The direct TLC of the oils in 
petroleum ether-ether (70:30, v/v) revealed two spots for oxy-
genated and non-oxygenated glycerides. The spot at lower R^ 
esei 
123,124 
152 gave a positive picric acid TLC test indicating the pres nce-
of epoxy acid as HBr-reactive material. Negative Halphen' 
153 
and DNP tests indicated absence of cyclopropenoid and keto 
fatty acids, HBr-titration of these oils according to the pro-
129 
cedure of Harris ejt al, at 3 C indicated the presence of 
29,6>< and 13.6>< epoxy acid in C. ritchiei and S, oleraceus seed 
oils respectively. Both the oils gave characteristic IR bands 
at 840 and 820 cm" for epoxy group. The UV and IR analyses 
gave no indication of conjugation and trans-unsaturation in the 
oils. The analytical values of the seeds and oils were deter-
41 
mined according to the procedures recommended by the AOCS 
methods and the data are summarized in Table-X. 
185 The oils were transesterified by using 0,5N sodium 
raethoxide. TLC of the methyl esters indicated two different 
fractions, oxygenated and non-oxygenated fractions. Oxygenated 
fraction responded to picric acid TLC test, Nonoxygenated 
fraction contained the mixture of different usual fatty esters. 
Argentation TLC revealed spots corresponding to saturates, 
monoenes, diene and triene. 
: 71 
Table-X: Physico-chemical Characteristics of C. ritchiei and 
S, oleraceus Seeds and Oils. 
Oil content, '/. 
Moisture content, '/ 
Refractive index, ^ .^23 
Iodine value 
Saponification value 
Oxirane oxygen, /, 
C. ritchiei 
19.1 
5.2 
1.4862 
76.6 
192,2 
1.52 
S. oleraceus 
14,5 
6,5 
1.4893 
150.7 
195.8 
0.69 
HBr equivalent at 3 C 
(as '/. epoxyoleic) 29.6 13.6 
Picric acid TLC test 
Ultraviolet (UV) 
Positive 
Normal 
Positive 
Normal 
Infrared (IR) 840 and 
820 cm~-^  
(Epoxy 
function) 
840 and 
820 cm"*-^  
(Epoxy 
function) 
: 72 : 
Isolation and Characterization of Epoxy Ester 
Methyl esters were prepared by transesterification 
of the oils by sodium methoxide. Pure epoxy esters were isola-
ted from the mixed esters of both the oils by preparative TLC 
using petroleum ether-diethyl ether-acetic acid (85:15:1) as the 
developing solvent and analysed by using vernolic acid obtained 
from Vernonia anthelmintica seed oil as the reference standards 
TLC homogenous oxygenated fraction gave an orange spot as 
revealed by picric acid TLC on-the-plate test. They have same 
R-j value as standard methyl vernolate. The IR spectrum indica-
ted an isolated cis-double bond with absorption at 3015 and 720 
cm"" , ester carbonyl band at 1740 cm" and moderately intense 
bands at 848 and 825 cm" for cis-epoxy group, NMR analysis of 
the epoxy ester indicated the presence of an epoxy ring and a 
double bond. The NMR spectrum gave characteristic signals at 
d 2.75 m (2H, -CH—CH-), 2.18 m (4H, -CH—CH-CH^-CH=CH- and 
^0 ^0 
-CH2COOCH2), 5.4 m (2H, -CH=CH-). These IR and NMR spectra were 
consistent with those of reference methyl vernolate isolated 
from V. anthelmintica seed oil. 
Mass spectra of the epoxy ester possessed a molecular 
ion of low intensity at nv/z 310 which subsequently underwent a 
loss of water molecule to give rise ion peak at m/z 292 in addi-
tion to other peaks at m/z 278 (M-CH3OH), 260 (292-CH3OH) and 
: 73 : 
251 (M-COOCH^). The other characteristic ions (Chart 1) were 
noted at m/z 239 and 113 obtained after a-cleavage on either side 
of the epoxy function. This pair of ions clearly placed the 
epoxy group at C^ o^-^ IS* ^^^ allylic cleavage on either side gave 
ions at m/z 197 and 167, both of these ions located the double 
bond between CQ-C,Q. The other important ions at m/z 227, 225, 
211, 209, 101, 99, 85 and 83 confirm the structure as methyl cis-
12,13-epoxvoctadec-cis-9-enoate. 
Aside from these spectral studies, proof of the assig-
ned structure was obtained by the chemical method of Gun stone 
et aJL. Acetolysis of the epoxy ester followed by saponifica-
tion and acidification gave dihydroxy monoene acid. On repeated 
crystallization of the crude diol from petroleum ether-diethyl 
ether (3:1) yielded crystalline monoenoic diol acid melting at 
54-55 C (lit.-"-^ ,^ m.p.53-54 C) and it had identical R^ value on 
TLC with that of threo-12,13-dihydroxyoleic acid obtained from 
the oil of V, anthelmintica. No depression in m.p, was found on 
admixture with authentic threo-12,13-dihvdroxyoleic acid, 
Hydrogenation of unsaturated diol furnished a saturated diol 
which was crystallized from cyclohexane-ethyl acetate. The 
melting point of this crystalline sample is found to be 96-97 C 
156 (lit, , m,p.95-96 C) whose structure was further confirmed by 
mixed m,p, with the standard threo-12,13-dihydroxystearic acid. 
: 74 : 
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The IR of unsaturated diol gave absorption bands at 
3300-3400 (OH), 3015 (£is C=C) and 1715 cra"^  (COOH), The NMR 
spectrum exhibited the following peaks at d 0.92 t (3H, terminal 
CH3), 1.28 br,s (chain-CH2), 2.09 m (4H, -CPi2-CH=CH-CH2), 2.29 m 
(2H, CH2-COOH), 3,61 m (2H, 2xCH-0H), 5.45 m (2H, CH=CH), 9,65 s 
(IH, COOH) and the chemical shift of the OH proton varied from 
6 7-6 which disappeared on D2O shake. 
Cleavage of unsaturated diol (IX) by periodate-permang-
anate (Scheme 3) gave hexanoic (XI) and azelaic (XII) acids 
identified by GLC. Hence the cleavage points were at CQ-C,Q and 
C,p-C,o» The oxidative fission of saturated diol (X) gave hexa-
noic (XI) and dodecanedioic (XIII) acids, showing the hydroxyl 
group at C,p-C,^ position. The configuration of saturated and 
unsaturated diols were found to be threo by boric acid TLC 
using the corresponding diols from the authentic epoxy acid of 
V. anthelmintica seed oil. 
Thus on the basis of chromatographic, spectroscopic 
and chemical degradation results the structure of the epoxy 
acid present in the seed oils of C. ritchiei and S. oleraceus 
was established as cis-12,13-epoxyoctadec-cis-9-enoic (vernolic) 
acid. 
GLC analyses of methyl esters were carried out as 
187 described by Miwa e_t al_. by comparing their retention time 
Scheme - 3 
: 76 : 
CH3- (CH2) 4-CH—CH-CH2-CH=CH-( CH2) 7-CCX)CH3 
0 
(VIII) 
1. CH3COOH 
2. KOH 
3. H"^  
CHg-C CH2)4-CH—CH-CH2-CH=CH~(CH2)7COOH 
OH OH 
(IX) 
KMnO^/NalO^ H2 
Pd/C 
CH3-(CH2)4-C00H + H00C-(CH2)YC00H 
(XI) (XII) 
CH3-(CH2)4-CH—CH-(CH2)J^Q-C00H <-
AH OH 
(X) 
KMn04/NaI04 
CH3-(CH2)4-C00H + HOOC-(CH2)j^o"*^^" 
(XI) (XIII) 
: 77 : 
with the standard samples. It indicated that the esters of 
C, ritchiei and S. oleraceus contained 30.1>< and 13.7/ of methyl 
vernolate, respectively along with esters of common acids in the 
amounts given in Table-XI, The percentage of epoxy acid obtained 
by GLC also agrees with the amount determined by the HBr-titration 
of the oil. 
Table-XI: Fatty Acid Composition (Wt. yi) of C. ritchiei and 
S^. oleraceus Seed Oils, 
Fatty Acids C. ritchiei S^, oleraceus 
10:0 1.3 
12:0 1.0 
14:0 1.8 1.7 
14:1 - 1,6 
16:0 16.3 9.7 
16:1 1.3 1.5 
18:0 6.3 0.8 
18:1 14.1 15.5 
18:2 10.8 14.8 
18:3 1.9 35.2 
20:0 3.6 5.2 
20:1 11.3 
Vernolic acid 30.1 13.7 
: 78 : 
(ii) CORONARIC ACID IN ACACIA ALBIDA (LEGUMINOSAE) SEED OIL 
Acacia albida belongs to the sub-family Mimosaceae of 
family Leguminosae, The genus Acacia comprises about 8CX) spe-
cies. The indigenous species are thorny trees or shrubs and a 
few are climbers found in the dry and arid regions of the World, 
chiefly in Australia, Africa and India. In India, there are 
about 22 indigenous species, distributed throughout the plains, 
Indian Acacias yield three major products: tannin, gum and 
.. . 188 timber 
The family Leguminosae has been reported to contain 
appreciable amounts of epoxy acids in Calliandra eriophylla and 
155 Cercidium floridum seed oils , A third member. Glycine hispida 
(Soyabean) seed oil was examined for its epoxide content in fresh 
189 190 191 
and stored beans * , Gunstone e^ al» have reported a C,g 
unsaturated epoxy acid in Acacia auriculaeformis seed oil. In 
continuation of the usual screening for locating epoxy acid -
containing oils, the seed oil of Acacia albida (Leguminosae) have 
been examined and is found to contain 7,8yi of coronaric acid. 
The oil was extracted from the ground seeds of 
A. albida with petroleum ether (b,p.40-60 C), The analytical 
values of seeds and oil were determined according to the proce-
41 dures recommended by AOCS methods described earlier and the 
data are summarised in Table-XII. The oil responded to picric-
: 79 : 
Table-XII: Analytical Data on Acacia albida Seeds and Oil, 
Oil content, yi 4.7 
Moisture content, y. 5,8 
Refractive index, n^SO 1.4832 
Iodine value 93.9 
Saponification value 204.8 
Oxirane oxygen, -/, 0.39 
HBr equivalent at 3 C 7.6 
Picric acid TLC test Positive 
Ultraviolet (UV) Normal 
Infrared (IR) 845 and 
825 cm"-"-
152 
acid TLC indicating the presence of epoxy acid. Negative 
DNp-'-^ ^ and Halphen"'-^ '^-'-^ '* tests indicated the absence of keto 
and cyclopropenoid fatty acids, respectively. The presence of 
conjugation and trans-unsaturation was ruled out on the basis 
of UV and IR spectroscopies, respectively, HBr-titration of the 
129 
oil was carried out according to the procedure of Harris e_t al_. 
at 3 C and the results are expressed as hydrogen bromide equiva-
lent (HBE). Titration results indicated that the oil contained 
7,'6>< of HBr-reactive epoxy acid which is in good agreement with 
the percentage obtained by GLC. The results of the GLC analysis 
are given in Table-XIII. 
: 80 : 
Table-XIII: Fatty Acid Composition of A. albida Seed Oil (Wt.>^ ) 
Component Acids Wt. y, 
14:0 14.0 
16:0 22.2 
16:1 5.4 
17:0 6.1 
18:0 1.3 
18:1 8.6 
18:2 25.4 
18:3 9.1 
Coronaric acid 7.8 
Characterization of epoxy acid was done as earlier. 
Chrysanthemum coronarium seed oil was used as the reference 
standard. The oxygenated fraction of A. albida seed oil had the 
same R^ value as that of oxygenated fraction of C, coronarium 
seed oil. Further characterization of the epoxy acid was carried 
out by direct acetolysis of the oil followed by saponification 
and acidification. The resulting dihydroxy acid was isolated by 
column chromatography. Successive crystallization of the crude 
diol acid from mixture of petroleum ether-diethyl ether (3:1) 
furnished crystalline diol acid, m.po58o5-59.0 C. 
: 81 : 
The IR spectrum of the crystalline diol acid gave 
characteristic absorptions at 3400 cm" for OH grouping besides 
other usual fatty acid bands. NMR spectrum gave characteristic 
signals at d 3.51 m (2H, 2xCH-0H), 5.08 br, signal (2H, 2xCH-0H, 
disappeared on D2O shake), 5,44 m (2H, -CH=CH-), alongwith usual 
fatty acid signals. 
The structure of the unsaturated diol (XV) was further 
confirmed by its mass spectral study. The spectrum showed mole-
cular ion peak at m/z 314 along with m/z 315 (M+1), 313 (M-1), 
297 (M-OH), 296 (M-H2O), 280 (297-OH), 279 (297-H2O), 278 
(296-H2O). The fragment ion at m/z 111 originated after an 
allylic cleavage. Another allylic cleavage produced an ion at 
m/z 257 which underwent the loss of three water molecules to 
give fragment ion at m/z 203, The allylic cleavage altogether 
established the position of the double bond between C,2-C,2« 
Four fragment ions due to a-cleavage on the either side of the 
hydroxyl groups appeared at m/z 203, 173, 171 and 141 which 
placed the hydroxyl groups (originally epoxide ring) at CQ and 
C,Q. The mass fragmentation pattern of diol (XV) is shown in 
Chart-2. 
The dihydroxy acids obtained from A. albida and 
C. coronarium oils were similar in all respects, viz. R£, m.p,, 
IR, NMR and MS. The melting point of the crystalline diol acid 
is 58,5-59.0 C, No depression in melting point of the diol acid 
: 82 ; 
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was observed on admixture with authentic sample of threo~9tlO-
dihydroxyoctadec-12-enoic acid obtained from C. coronarium seed 
oil, 
84 Permanganate-periodate cleavage (Scheme 4) of the 
unsaturated dihydroxy acid (XV) and the GLC analysis of the 
resulting products as their methyl esters showed that the 
cleavage fragments were hexanoic (XI) and azelaic (XII) acids. 
Further, the unsaturated did on hydrogenation (Pt catalyst) 
yielded a saturated diol (XVI), m.p.92,5-93.0 C. No depression 
in melting point was observed on admixture with authentic threo-
9,10-dihydroxystearic acid, m.p.92.5-93.0 C. Periodate-permanga-
84 
nate cleavage of the saturated diol acid (XVI) furnished 
nonanoic (XVII) and azelaic (XII) acids. If vernolic acid had 
occurred in the unsaturated epoxy fraction then hexanoic and 
dodecanedioic acids would have been formed as the cleavage 
products as shown earlier. 
Finally the structure of the dihydroxy ester was con-
firmed by the mass spectral study of its acetate derivative 
(Fig, 1), The spectrum showed peaks at m/z 412 (M"^*)* 380 
(M-CH3OH) and 353 (M-OCOCH3). The other diagnostic peaks at 
m/z 355 (a), 301 (c), 255 (f), 242 (3OI-OCOCH3), 229 (e), 196 
(255-OCOCH3), 183 (d), 170 (229-OCOGH3), 124 (I83-OCOCH3) and 
111 (b) confirmed the proposed structure. 
84 
Scheme - 4 
CH^-C CHg)4-CH=CH-CH2-CH—CH-(CH2)^-COOH 
0 
(XIV) 
1. CH3COOH 
2. KOH 
3. H"^  
CH^-C CH2 )4-CH=CH-.CH2-CH—CH-( CH^) 7-COOH 
OH OH 
(XV) 
KMnO^/NalO^ 
CH3-(CH2)4-COOH + H00C-(CH2)7-C00H 
(XI) (XII) 
H2 
Pd/C 
CH3-(CH2)y-CH—CH-(CH2)7-COOH ^ 
OH OH 
(XVI) 
KMnO^/NalO^ 
CH3(CH2)7-COOH + HOOC-(CH2)7-COOH 
(XVII) (XII) 
: 85 : 
b^ ->c 
CH3—(CH2)3-^H2—CH = CH—CH2-^H-
AAC 
d <—!—>e 
-CH (CH2) 7—COOCH3 
OAc 
M"*"' 412 
Fig.-l 
Quantitation of coronaric acid and other usual fatty 
acids was carried out by GLC of the transesterified methyl ester, 
using C. coronarium as the reference standard and the data are 
sununarized in Table-XIII. 
Experimental 
(1) General Methods 
Spectroscopic and chromatographic analyses of oils 
and their methyl esters were carried out in the same way as 
described in first chapter. Mass spectrum was recorded on 
JEOL-JMS D300 mass spectrometer, at source temperature 200 C 
and ionization energy of 70 eV. Samples were introduced by 
the direct insertion technique. 
(2) Seeds and Oils Characteristics 
The analytical values of the seeds and oils were deter-
41 
mined by the standard procedures of AOCS 
(3) Transesterification 
The methyl esters were prepared by transesterification 
of oil (l g) in 50 ml of absolute methanol that contained sodium 
methoxide (0,5N). The reaction mixture was refluxed for 20 minu-
tes, and kept at room temperature for 4 hours. After acidifica-
tion with acetic acid the methyl esters were extracted with ether 
and qualitatively examined by TLC prior to GLC analysis, using 
: 87 : 
esters from Vernonia anthelmintica and Chrysanthemum coronarium 
oils as reference standards, 
(4) Picric Acid TLC Test-*"^ ^ 
Picric acid TLC was carried out on silica gel G plates 
(2,5x8.5 cm). The developing system was petroleum ether-ether-
acetic acid (75:25:1, v/v). The developed plate was sprayed 
thoroughly with 0,5M picric acid in 95j< ethanol and promptly 
placed in a jar saturated with the vapours of diethyl ether-
ethanol-acetic acid (80:20:1, v/v). After 30 minutes the plate 
was removed and exposed to ammonia fumes for 1-2 minutes. The 
orange spot on a yellow back ground of the plate indicated the 
presence of epoxy group, 
(5) Hydrogen Bromide Titration 
129 
The procedure of Harris £t al^ . was followed to 
titrate a weighed amount of oil with O.IN hydrogen bromide using 
crystal violet as an indicator at 3 C to a bluish green end 
point, that persists for 30 seconds. The percentage of epoxy 
content was calculated by the equation: 
VxNx29,45 
'/. of epoxy acid = 
weight of the sample 
where N= Normality of HBr 
V= Volume of HBr solution consumed in titration 
: 88 : 
(6) Isolation of Epoxy Acid 
The methyl esters of seed oils were prepared by trans-
esterification with sodium methoxide (0,5N). The total methyl 
esters(4.0 g) was separated into non-oxygenated fraction and 
oxygenated fraction by preparative TLC, 
Oxygenated Fraction 
IR(Neat) : 1740 (COOCH^), 3015 and 720 (c^s C=C), 848 and 
825 cm" (cis epoxide). 
NMR(CDCl^) : d 2.75 m (2H, -CH—CH-), 5.4 m (2H, -CH=CH-), J ^ ^ -. - -
0 
2.18 m (4H, -CH—CH-CH„-.CH=CH- and -CHoCOOCH,,). 
\ / "^ -2 3 
0 
MS : m/z 310 (M"^*)-
(7) Acetolysis of Epoxide 
The seed oil 5 g was refluxed with glacial acetic acid 
(100 ml) for 5 hours. The reaction mixture was then diluted with 
water and extracted repeatedly with diethyl ether. The combined 
ether extracts were dried over anhydrous Na^SO^. After removal 
of the solvent in a rotary evaporator, the residue was saponified 
as usual to yield crude dihydroxy acid. This diol acid on 
successful crystallization from petroleum ether-diethyl ether 
: 89 : 
(3:1, v/v) gave crystalline products melting at 54-55 C and 
58.0-59.0 C from vernolic and coronaric acids,respectively. 
IR(Neat) : 3300-3400 (OH), 3015 (c^s C=C) and 1715 cm'"^  
(cgoH). 
NMR(CDCl3) : d 3.61 m (2H, 2xCH-0H), 5.45 m (2H, CH=CH) and 
7-6 (2H, 2xCH-0H, disappeared on D2O shake). 
MS : m/z 314 (M"^ *) and 155 (base peak). 
(8) Hydrogenation of Diol 
A 0,2 g portion of unsaturated diol (II) was hydroge-
nated in the presence of 10j< Pd-C. The usual work up yielded 
12,13-dihydroxyoctadecanoic acid (III) and crystallized from 
cyclohexane-ethyl acetate mixture, 
(9) Permanganate-Periodate Oxidation of Unsaturated and 
Saturated Diols 
A 0.1 g portion of II and 0,125 g of potassium carbo-
nate was dissolved in t-butyl alcohol (30 ml). To this mixture 
a solution of sodium metaperiodate (0,515 g) and potassium 
permanganate (1.0 ml of 0.057M) in 40 ml of water was added. The 
reaction mixture was stirred at ambient temperature for 24 hours 
and then reduced with sodium metabisulphite, acidified with HCl 
: 90 
and extracted with ether. Combined ether extracts after drying 
and evaporation yielded a mixture of products. The products 
after methylation with ethereal diazomethane were analysed by 
GLC. 
Chapter 6 
Theoretical 
(a) HBr~REACTIVE FATTY ACIDS 
Sporadic reports have earlier appeared about naturally 
occurring HBr-reactive acids; cyclopropenoid, epoxy and conjuga-
ted dienols of continuing interest to lipid chemists. Recently, 
cyclopropenoid fatty acids have been the subject of much inves-
150,151 
tigation due to their profound biological effects on animals 
and co-carcinogenic properties * . The biogenetic oddity 
associated with malvaceous seed oils is that seed oils containing 
cyclopropenoid fatty acids usually contain measurable amounts of 
96 
epoxy fatty acids. Recently Bohannon and Kleiman reported 
simultaneous occurrence of cyclopropenoid and epoxy fatty acids 
in Sterculiaceae (Firmiana platinifolia and Pterygota alata) and 
Bombacaceae (Chorisia speciosa) seed oils. These two fatty 
acids were reported from author's laboratory during the last few 
107 years in the seed oils of Hibiscus sabdariffa , Abelmoschus 
112 173 
moschatus and Malva sylvestris 
Discussion 
(b) HBr-PlEACTIVE FATTY ACIDS OF HELICTERES ISORA (STERCULIACEAE) 
SEED OIL 
Helicteres isora belongs to family Sterculiaceae, It 
is found in dry forests throughout Central and Western India, 
from Bihar as far West as Jammu and Western Peninsula. Its bark 
is used in dysentery and diarrhoea. Juice of root is useful in 
diabetes, stomach affections and snake-bite. Root and bark is 
192 given for scabies . 
The present v/ork was undertaken to characterize and 
estimate the individual HBr-reacting (cyclopropene and epoxy) 
acids alongwith commonly occurring acids present in this seed 
oil. 
Oil was extracted from the ground seeds of H, isora 
with petroleum ether (b,p.40-60 C). The analytical values of 
oil and seeds were determined according to the procedures 
41 
recommended by the AOCS and the data are summarized in 
table XIV. The oil responded to Halphen test''-^ *^-'-^ '^  indica-
ting the presence of cyclopropenoid material. Analysis of oil 
by TLC revealed two spotso The second spot gave a positive 
: 93 : 
Table-XIV: Physico-chemical Characteristics of H. isora Seeds 
and Oil, 
Oil content of seeds, '/ 7,1 
Unsaponifiable content, yi 0.9 
Iodine value 125.0 
Saponification value 197,8 
Refractive index, nj-j30 1.4785 
Oxirane oxygen, y. 0,28 
Halphen test Positive 
Picric acid test Positive 
• 
HBr-equivalent at 3 C 5.5 
** 
55 C 1.4 
* 
Expressed as yi epoxyoleic 
Expressed as 'A cyclopropenoid (sterculic+malvalic) 
152 picric acid TLC test indicating the presence of epoxy acid 
as one of the HBr-reactive materials. The UV spectrum of the 
oil showed no conjugation in the component acids of triacyl-
glycerols. The IR spectra of oil showed characteristic bands 
at 1852 and 1008 cm" for cyclopropene group and band at 848 
and 826 cm"" for epoxy group. The oil showed typical NMR 
signal at d 0,76 for cyclopropene moiety. 
: 94 : 
The oil was titrated with HBr according to the proce-
129 
dure of Harris e_t a_l, at two different temperatures (3 C and 
55 C) and the results are expressed as hydrogen bromide equiva-
lent (HBE). Titration results indicated that the oil at 3 C 
gave 5,5;^  epoxyoleic while at 55 C gave 1.4?^  cyclopropenoid as 
HBr-reactive materials. The oil was transesterifled by using 
Oo5N sodium methoxide. The oxygenated and non-oxygenated methyl 
ester fractions were separated by preparative TLC and studied 
separately for the characterization of individual fatty acids. 
Characterization of Non-oxygenated Fraction (I) 
The non-oxygenated fraction (I, 94/0 showed positive 
123 124 
Halphen test ' for CPFA, Further analysis of this fraction 
by IR confirmed the presence of cyclopropene as the only HBr-
reacting acids. The IR spectrum of the methyl ester showed a 
sharp band at 1008 and weak band at 1852 cm" suggesting the 
presence of cyclopropene group, NMR spectrum gave a typical 
characteristic singlet of two methylene protons of cyclopropene 
ring at d 0,72, 
The GLC quantitation of individual CPFA and other 
fatty acids in methyl ester was done after treatment with silver 
nitrate in absolute methanol, following the procedure of 
Schneider e_t al,. The GLC chromatogram (Table XV) clearly 
established the presence of malvalic and sterculic acids in this 
: 95 : 
Table-XV: GLC Analysis of the AgNO^-methanol Treated Non-
oxygenated Methyl Ester Fraction of H, isora Seed 
Oil. 
Fatty Acids W t . yC 
Palmitic (16:0) 21.0 
Stearic (18:0) 4,6 
Oleic (18:1) 7.7 
Linoleic (18:2) 58.9 
Linolenic (18:3) 6.0 
*Malvalic 0.63 
Sterculic 1,06 
• As ether and keto derivatives 
fraction by a comparison of the relative retention times with 
that of the similar derivatives of S, foetida esters. Acids 
other than cyclopropenoid were identified as palmitic, stearic, 
oleic, linoleic and linolenic. The GLC data showed that this 
fraction contained 1,69/^  of total cyclopropenoid acids (malvalic 
0,63^ i and sterculic 1,06;^ ) which is in good agreement with the 
129 
value obtained by HBr-titration 
Characterization of Oxygenated Fraction (II) 
The oxygenated methyl ester fraction (II, 6'/,) respon-
152 ded to picric acid TLC test revealing the presence of epoxy 
: 96 : 
function. Its IR spectrum showed bands at 848 and 826 cm" , 
characteristic for epoxy grouping. The possibility for the 
occurrence of oxygenated acids other than epoxy acids was ruled 
out on the basis IR, UV and TLC. 
Characterization of this epoxy ester was performed by 
conqsarison of its TLC behaviour, IR and NMR characteristics with 
an authentic sample of methyl cis-12,13-epoxy--cis-9-octadecenoate 
156 
obtained from Vernonia anthelmintica seed oil . Further the 
dihydroxy acid obtained from epoxy ester by acetolysis followed 
by saponification and acidification had m.p,54-55 C identical 
to threo--12,13-di hydroxy PC tadecenoic acid obtained from vernolic 
acid • 
Thus the total fatty acid composition of Helicteres 
isora seed oil is calculated as 16:0 (19.7^), 18:0 (4,4j<), 
18:1 ii:3'/.), 18:2 (55.4^), 18:3 (5.7ji), malvalic (0.6?<), 
sterculic (1,0^ <) and 12,13-epoxyoleic (5.8j^). 
Experimental 
All the experimental procedures were carried out in the 
same way as described in chapters four and five. 
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Part Two 
Derivatization of 
Fatty Acids 
Fats and oils have been exploited for a long time as 
raw materials in the production of paints, inks, lubricants, soaps 
and plastics. Approximately 305< of the total consumption of fats 
and oils goes into industrial products. The industrial modifica-
tions mainly depend upon the reactions of ester function to the 
extent of 90^ ^ of fatty acid chemistry. The past two decades have 
seen the reactions other than of carboxylic end can be used 
advantageously to arrive at improved physico-chemical properties 
through simple and low cost modifications. Current uses and 
predictions for future trends are considering the possibilities of 
new crops being developed to produce oils and fats specifically 
for the industrial market. Such commodities include oils with 
hydroxy fatty acids, polyhydroxy and hydroxy unsaturated fatty 
acids, epoxy fatty acids and fatty acids with conjugated unsatura-
tion. 
The growing demands of oleochemicals as intermediate raw 
materials have diverted the attention of oil chemists from the 
analytical aspect of fats to the reactions and chemistry of modi-
fication and derivatization of fats and unusual fatty acids. These 
fundamental reactions are: saponificationj hydrolysis, polymeriz-
: 115 : 
ation, interesterification, hydrogenation. Besides these reacti-
ons, a number of non-classical reactions have been widely used 
for the synthesis of oleochemicals, which are now used success-
fully as substituents for the more costly petro-chemicals» These 
reactions include: amidation, allylic halogenation and oxidation, 
cyclodehydration, cyclization, cyclopropanation, carbon-carbon 
bond formation, dimerization, guerbetization, hydroformylation, 
hydroxycarboxymethylation, metathesis, pseudo-halogenation and 
sulfurization. The most recent new development is the application 
of biotechnology in enzymic fat-splitting and new strains of 
tissue-culture oilseed crops. 
In fact, key chemicals derived from natural oils and 
fats are basically, different from products obtained by todays 
petrochemical industry. Common sense dictates conservation of 
our fossil resources used for fuel and chemicals and further, 
suggest that renewable resources like oils and fats be given 
closer attention. No doubt, this is the time for oleochemical 
industry to invest in the future with non-traditional approaches 
to research and development. 
Chapter-7 
Theoretical 
OLEFIN-ALDEHYDE CONDENSATION REACTION 
The condensation reaction of an olefin with an aldehyde 
in the presence of an acidic catalyst is known as Prins reaction. 
The discovery of this reaction goes back to 1919, when H.J, Prins 
carried out a comprehensive study on the condensation of various 
olefins with formaldehyde in the presence of sulfuric acid as 
catalyst and water-glacial acetic acid as solvent. Later, the reac-
tion was explored during war time in order to prepare diolefins, 
required for the manufacture of synthetic rubber. Nevertheless the 
reaction did not compete efficiently with dehydrogenation or crack-
ing process of petroleum. The chemistry of Prins reaction has been 
2 3 
reviewed thoroughly ' , The major product of the Prins reaction is 
always a 1,3-dioxane. The yield of the minor products, 1,3-glycol; 
2,5-dihydrofuran; alkenemethanol acetate; diacetate, varies with 
the experimental conditions and catalysts as well as solvent 
4-6 
system. In recent years many aldehydes other than formaldehyde 
have been used and found to give satisfactory results. 
7-15 Several mechanisms have been put forward for the 
formation of 1,3-dioxane and 1,3-glycol resulting from Prins reac-
tion. A widely accepted one from the reaction of olefin and formal-
dehyde in the presence of acid is discussed here. 
R-CH=CH2 + H2COH -> R-CH-CH2-CH2-OH 
or 
H 
I 
R-C-CH^-CH^-OH + HOH 
+ 
R-C OH 
+ 
d- d+ 
0 = CHo 
,CH 
H 
I 
-> R-C-CH2-CH2OH + H" 
OH 
-> [R-CH •^ •OH] 
R-CH CH2 + H^  
°- .^ ^ H ; 
As is evident from the reaction sequence that the acid-
formaldehyde carbonium ion reacts with olefin to form a 2° carbo-
nium ion. The later can then react with water to form glycol or 
with another molecule of formaldehyde to give 1,3-dioxane. 
Dioxanes and their derivatives have well placed them-
2 
selves as raw materials for the synthesis of organic chemicals . 
1,3-Dioxanes have been found to be effective es solvent for resins 
and lacquers, as antiknock agents and as solvents for dewaxing 
operations. 
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A scanning of the literature showed no reports avail-
able on the Prins reaction in the field of fatty acid chemistry. 
Keeping in view the importance and diversity of Prins reactions, 
it was employed on a fatty substrate, the 10-undecenoic acid. The 
reagents selected were formaldehyde, benzaldehyde and salicylal-
dehyde. 
Discussion 
REACTION OF lO-UNDECENOIC ACID WITH FORMLDEHYDE 
The Prins reaction was carried out using 10-undecenoic 
acid (I) and formaldehyde in presence of acetic acid and sulphuric 
acid at 50-70 C as described by Blomquist and Wolinsky , The 
progress of the reaction was monitored by TLC. Final work up and 
column chromatographic separation afforded compound (II) as minor 
and compound (III) as major products successively. Other minor 
products escaped isolation owing to small quantities. 
Scheme - 1 
HC 
H, 
: ^ 
0 
CHg = CH 
C-(CH2)g--C00H 
CH, 
(CH2)Q - COOH 
(I) 
1. HCHO 
2. AcOH 
3. H2SO4 
50-70 C 
H2C _ CH-(CH2)3-COOH 
/ \ 
0 CH2 
HoC _ 0 
(II) (III) 
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Characterization of Product (II) 
Elemental analysis corresponded to formula C,oHppO-,. 
Its IR spectrum had a band at 1640 cm" , indicative of the pre-
sence of an olefinic linkage. There were two characteristic 
bands at 1280 and 1180 related to ring (-^_0-C-). The band for 
CpOH appeared at 1720. The significant NMR absorption at d 5.78, 
a multiplet integrating for only one proton (-CH=C), confirmed 
the presence of vinylic proton, A two proton doublet at 5.09 
(-O-CH^ -CHs:) and another peak at 4.8 as singlet for two proton 
(_0-CH„-C=) confirmed the nature and position of the ring as 
shown in the structure. Other usual signals were at 2.0 m (2H, 
methylene protons a to ring, in part merged with -CHg-COOH); 
2.29 m (2H, methylene proton a to carboxylic group); 1.27 br,s 
(chain methylene protons); 10.9 br,s (IH, carboxylic group 
proton). These data conclusively established the structure of II 
as 3-(carboxyoctyl)-2,5-dihydrofuran. 
Characterization of the Major Product (III) 
The compound was analysed for ^ i3^24^4* ^^® bands at 
1170, 1100, 1050 cm"-"- in its IR diagnosed a -C-O-C- linkage. The 
bands were well indicative of an ether linkage. The carbonyl band 
of COOH appeared at 1715. A careful study of its NMR sppctrum 
corroborated the structure showing all the characteristic signals. 
Significant peaks are shown belov;. 
CH2 
3.80 (d,d) 
HoC —CH-(CHo)„-COOH 
0 
4.70 
(two doublets by 
geminal coupling) 
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On the basis of these spectral and microanalysis data, 
the compound (III) was confirmed as 5-(carboxyoctyl)-l,3-dioxane. 
REACTION OF lO-UNDECENOIC ACID (l) WITH BENZALDEHYDE 
Treatment of benzaldehyde with I under the similar 
reaction conditions described in preceding reaction progressed 
well. Usual workup followed by separation on silica gel yielded 
IV as minor and V as major products. Three minor products could 
not be isolated in sufficient quantity for analysis. 
Scheme - 2 
HC 
^ 
CH2 = CH 
C-(CH2)g-C00H 
HC ^ H 
0-^ 
(IV) 
v\ / 
(CH2)g - COOH 
2, AcOH 
H2SO, 
50-70 C 
3. 4
H^C — CH-(CH<5 )Q-C00H 
\ / A\ // 
HC_o 
(V) 
; 122 : 
Characterization of the Minor Product (IV) 
This compound had the composition '^o^^So'^S* ^^^ "^ ^ 
spectrum had the bands present at 1630 and 16CX) cm" , a charact-
eristic of C=C and benzene ring^respectively. The bands at 990, 
1010, 1230, 1275 altogether suggested the benzene ring substituted 
dihydrofuran derivative. Usual ketonic band for carboxylic group 
was at 1710. Moreover, its MMR spectrum was very informative 
towards the confirmation of the structure. The details of diag-
nostic signal are presented below schematically. 
H C = = C - CHQ - (CH2)^ - CH2 - COOH 
dl b e b a 
5 /^^ /^^^/Lh 
h 
Type of proton Noo of proton Chemical sh i f t (d ) M u l t i p l i c i t y 
a 
b 
c 
d 
e 
f 
g 
h 
1 
4 
12 
1 
1 
1 
4 
6 
11.7 
2-2.3 
1.30 
5.72 
4.95 
4.78 
8.00 
7.50 
b r , s 
m 
b r , s 
m 
d 
s 
m 
m 
: 123 : 
These NMR values do agree with the structure, identify-
ing the product (IV) as 2,5-diphenyl-3-(carboxyoctyl)-2,5-dihydro-
furan» 
Characterization of the Major Product (V) 
Microanalysis revealed the composition as ^2'=i^'i2^4-* '^^^ 
IR characteristic band related to benzene ring was observed at 
1615 cm" o Peaks for ether linkage were present at 1175, 1105 and 
1050. Here, again NMR spectrum gave conclusive evidences in 
support of the proposed structure for V, The signals are detailed 
below. 
Type of 
a 
b 
c 
d 
e 
f 
g 
h 
proton No. 
a " 2 ^ 
0 
\ 
e HC. 
g f^ 
h ^ ^ 
h 
of pr( 
1 
2 
15 
2 
1 
1 
4 
6 
CH 
n 
Dton ( 
c b 
h 
a 
;:hemical s h i f t ( d ) 
11 .7 
2 .27 
1 .6-1 .25 
4 ,37 
5.24 
5,04 
8.03 
7 .31 
M u l t i p l i c i t y 
b r , s 
m 
b r , s 
d 
s 
d 
m 
m 
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The signal appearing for methylene proton of the ring 
at d 4.37 as doublet confirmed its linkage with oxygen atom. In 
contrast to the other isomer where, it have been a multiplet if 
oxygen atom attaches with secondary carbon. This observation of 
non-presence of multiplet clearly established the only isomer 
identified here. A downfield signal assigned to proton e at 5.24 
as singlet corroborated that one methine proton is well sandwiched 
in between two oxygen atoms, hence a dioxane structure. These data 
characterized this major product (V) as 2,4-diphenyl-5-(carboxy-
octyl)-l,3-dioxane. 
REACTION OF 10~UNDECEN0IC ACID (I) WITH SALICYLALDEHYDE 
The acid, 10-undecenoic, was allowed to react with 
salicylaldehyde under the similar conditions described earlier in 
this section. Final work up yielded a brown liquid which showed 
five distinct spots on TLC. Chromatographic separation and puri-
fication of the product over silica gel gave VI as minor product 
and VII, the major compound. Three other minor products could not 
be isolated due to small in quantity. 
Scheme - 3 
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CH^ = CH - (CH2)g - COOH 
(^ ) CHO 
2. AcOH 
3. H2SO4 
50-70 C 
HC 
HC 
0 
II 
H3C-C-O 
C-(CH2)3-C00H 
CH 
Cr 
(VI) 
0 
I! 
0-C-CH, 
H^C—CH-( CHo ) Q-COOH 
:^ -o/ y 
OH 
(VII) 
Characterization of the Product (VI) 
The combustion data of VI was equivalent to formula 
^2Q^?4^7* ^^^ ^^ spectrum exhibited characteristic band of olefinic 
band at 1635 cm" together with 1605 (benzene ring). Acetate 
carbonyl signal appeared at 1735 and carboxylic group at 1710. A 
strong band made its appearance at 1205, a characteristic of 
acetate functiono The bands related to C-O-C linkage were oresent 
at 1100, 1170, 1045 and 1240. NMR spectrum displayed a similar 
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pattern of signal as those for compound (IV), except a 6 protons 
sharp singlet at d 2,02o This signal is indicative of the pre-
sence of two acetate groups. Details of NMR signals are given 
below. 
C - CH2- (CH^)^ 
b 
CH^ - COOH 
b a" 
Type of proton No. of proton Chemical shift(d) .Multiplicity 
a 
b 
c 
d 
e , f 
g 
h 
i 
1 
4 
12 
1 
2 
2 
6 
6 
13.4 
2.1-2.35 
1.40 
5.75 
4 .9-4 .75 
7.95 
7.40 
2.02 
br , s 
m 
br, s 
m 
i l l defined 
s igna l 
m 
m 
s 
These spectral and elemental data led to the formula-
tion of VI as 2,5-di-(2'-acetoxyphenyl)-3-(carboxyoctyl)-2,5-di-
hydrofuran. 
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Characterization of the Major Product (VII) 
This product (VII) on microanalysis showed the formula 
'^25^32^6* ^^ ^^ ^^ gave the hydroxyl absorption band at 3300 cm . 
Incorporation of benzene ring was evident from a characteristic 
signal at 1602. Other significant bands present were at 1030, 
1110, 1170, 1280 (ring -C-0-C-) and 1710 (COOH). NMR had very 
much resemblance to that of compound (V) except a two-proton D^O 
exchangeable multiplet for 2xOH. The nature, chemical shift and 
multiplicity of the signals are presented belov;. 
H2C _ C H - (CH2)y - CHo - COOH 
d/ "^ ^ b" a" 
0 CH 
\ /T 
f[-°HO 
hLJh i 
Type of proton No. of proton Chemical shift(d) Multiplicity 
a 
b 
c 
d 
e 
f 
g 
h 
i 
1 
2 
15 
2 
1 
1 
2 
6 
2 
12.3 
2.30 
1.30 
4.40 
5.37 
5 . 1 
7.51 
6.94 
2»30 
(merged with 
Cli2-C0OH protons) 
b r , s 
m 
b r , s 
d 
s 
d 
m 
m 
m 
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The compound (VII) was thus assigned the structure as 
2,4-di-(2'-hydroxyphenyl)-5-(carboxyoctyl)-l,3-dioxane. 
An intriguing feature of this reaction is the contrary 
behaviour of the two phenolic hydroxyls which get acetylated in 
case of the product (VI) and remain free in the other (VII). The 
weak hydrogen bonding with the ether oxygens in product VII can 
not account for this - a more likely explanation is that the 
conformation of the 1,3-dioxane ring is such as to offer resis-
tance to the approach of the acetyl function. 
Chapter-8 
Theoretical 
CARBON-CARBON BOND FORMATION REACTION 
The formation of carbon-carbon bond between 'electron 
rich' and 'electron deficient' alkenes has been studied extens-
17-21 ively by Giese ejt £l,o They report that radicals formed on 
reduction of organomercurials can be trapped with activated 
(electron deficient) olefins to produce coupled products. Sodium 
borohydride is one of the popular reagents used for the reduction 
22 23 
of p-substituted organomercurials. Trapping experiments * and 
24 
rearrangement of unsaturated radicals strongly support a radical 
intermediates in these processes. An overall method for C-C bond 
formation consists of the reduction of p-substituted organomer-
curials in the presence of 'electron deficient' olefins dissolved 
in dichloromethane or dimethylformamide or 1,4-dioxane. However, 
25 higher yield was obtained when DlfF was used as cosolvent , 
1 2 
HO R-" R 
+ NaBH^ + DMF 
H HaX 
: 130 : 
Recently Kozikowski and coworker have reported success-
26 27 
ful coupling reactions using ^-hydroxy , p-amine and p-acetamido 
organomercurials. The products obtained from these reactions were 
found suitable intermediates for the preparation of naturally 
occurring substances. 
Keeping in view the general potentiality and tremendous 
versatility of this recently discovered reaction, it was found 
desirable to explore the reaction on fatty substrates. The reac-
tion was smoothly carried out by applying the well known oxymer-
curation method of 10-undecenoic acid for the preparation of 
mercury adduct. The coupling reaction was investigated between 
the mercury adduct and two electron deficient (acrylic acid and 
acrylonitrile) olefins. 
Discussion 
OXYMERCURATION-DEMERCURATION REACTION OF lO-UNDECENOlC ACID (I) 
IN THE PRESENCE OF ACRYLIC ACID 
Oxymercuration of lO-undecenoic acid (l) was carried out 
28 in presence of tetrahydrofuran and water and have been described . 
Formation of mercuric acetate adduct (VIII) was confirmed by analy-
tical TLC. The adduct apoeared at lowest R^ value and gave a blue-
violet color on spraying 2yi ethanolic solution of diphenyl carba-
29 
zide and heating . The mercuric acetate adduct was demercurated 
in the presence of sodium borohydride and acrylic acid in DMF as 
25 solvent a This free radical process resulted m a carbon-carbon 
bond formation and afforded a single product (IX). The compound 
(IX) was purified by silica gel column chromatography. 
Scheme ~ 4 
Hg(OAc), ^^^^4' ^ ^ 
THF,H^O^ CH^=CH-COOH 
CH2=CH-(CH2)8-C00H > CH2-CH-(CH2)8-C00H ^ > 
Hg OH 
(I) 
H00C--( CH2 ) 3-CH-( CH2 ) Q-COOH 
OH 
( IX) 
^^^ ( V I I I ) 
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Characterization of the Product (IX) 
The compound had an elemental composition corresponding 
to formula ^lA^oS^b* ^^^ ^^ spectrum exhibited a characteristic 
band of OH grouping at 3200 cm" . Furthermore, COOH function 
band was very strong and broad at 1720, thereby, suggesting the 
incorporation of another carboxylic function in the chain. Its 
NMR spectrum absolutely substantiated the structure showing four 
characteristic signals, A one proton multiplet at d 3,72 (-CH-OH) 
and another one-proton broad, DpO exchangeable signal at 3,2 
(-CH-OH) were in well conformity of the attachment of OH group at 
Cc. An offset, signal at 11.2 as a broad singlet integrating for 
two protons confirmed the presence of two carboxylic grouping. 
The signal at 2«31 as a multiplet integrating for 4 protons estab-
lished the position of carboxylic function as one at each end. In 
the light of these physical data, the compound (IX) was assigned 
the structure as 5-hydroxytetradecanedioic acid, 
OXYMERCURATION-DEMERCURATION REACTION OF 10-UNDECENOIC ACID (l) 
IN THE PRESENCE OF ACRYLONITRILE 
The mercury acetate adduct (VIII), prepared as descri-
bed in previous reaction of this section, was demercurated in the 
presence of NaBH., DMF and acrylonitrile. The reaction provided 
only one product (X), v/hich was purified by column chromatography. 
Scheme - 5 
: 133 : 
I ^ 
OAc 
CH - (CH2)8 
OH 
(VIII) 
NaBH. 
- COOH 
CH2=CH-CN 
DMF 
NC - (CH2)3 - CH 
OH 
Cx) 
(CH2)8-'::ooH 
Characterization of the Product (X) 
Compound (X) gave satisfactory microanalysis for 
C,^H2c0oNo The IR spectrum displayed a characteristic CN group-
ing sharp absorption at 2240 cm"* , Hydroxyl function showed 
absorption at 3250, and COOH at 1720. The NMR spectrum had five 
diagnostic signals towards elucidation of the structure* C,p.-methine 
proton appeared at d 3,70 as a multiplet and a D2O exchangeable 
broad signal at 3,5 was assigned to hydroxyl protono A two-proton 
triplet at 3.75 was assigned to methylene protons attached with 
nitrile function. Two protons of methylene grouping a to carboxy-
lic function appeared at 2.35 as a multiplet, hence only one 
: 134 
carboxylic function in the chain. The carboxylic group proton 
appeared as a broad singlet at 12.2 integrating for only one 
proton. In view of these spectral and combustion data the comp-
ound (X) was assigned structure as (o-cyano-lO-hydroxytridecanoic 
acid. 
Experimental 
Infrared (IR) spectra were obtained with a Pye Unicam 
SP3-100 spectrophotometer usually as nujol mulls or neat and 
values were expressed in cm . Nuclear magnetic resonance (NMR) 
spectra were recorded with a Varian A 60 spectrophotometer and 
chemical shifts are reported as d (ppm) relative to tetramethyl-
silane (IMS) as an internal standard. The samples were run as 
10-15yi solution in CC1>. The abbreviations, 's, d, t, m and br' 
denote 'singlet, doublet, triplet, multiplet and broad' respect-
ively. 
Thin-layer chromatography (TLC) was carried out on 
0.25 mm layers (20 cm x 5 cm plates) coated with silica gel G 
plates were usually developed with mixtures of petroleum ether, 
diethyl ether and acetic acid (80:20:1, v/v), TLC plate was 
sprayed with a 20*/ aqueous solution of perchloric acid and 
charred at 110 C for 10 minutes. Column chromatography was 
carried out with silica gel G (60-120 mesh) using 25-30 g per g 
of material to be separated. Elution was usually affected with 
petroleum ether containing increasing proportions of diethyl 
ether. 
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The starting material used, undec-10~enoic acid is of 
commercial grade. Solvents for extraction, and reagents and 
solvents required for reactions were distilled and dried before 
use. 
Reaction of Undec-lO-enoic Acid (l) with Formaldehyde 
To a stirred mixture of 0.96 g (32 mmol) of formal-
dehyde, 4.0 ml of glacial acetic acid and 0.05 ml of concentrated 
sulphuric acid at 50 C there was added slowly 2.76 g (15 mmol) of 
undec-10-enoic acid. After completion of the addition, the 
mixture was heated at 70 C with stirring for another 3 hours. At 
the end of this time all the formaldehyde had dissolved. The 
mixture was then dissolved in ether and the resulting solution 
was washed thoroughly with water and dilute aqueous sodium carbo-
nate solution and dried over anhydrous sodium sulphate. After 
evaporation of the ether TLC monitoring showed five components. 
The products were separated by silica gel column chromatography, 
Elution with petroleum ether-ether (92:8, v/v) afforded product II 
in 10,0><, Further elution with petroleum ether-ether (84:16, v/v) 
gave product III, 88o0^. Other minor products escaped isolation 
owing to small quantities, 
(II)- Analysis Found: C, 68.95; H, 9.83><. Calculated for C,3H2203: 
C, 68.99} H, 9.80^ i, 
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IR(Neat) : 1720 (COOH), 1640 {C=C), 1280, 1180 cm"-^  (ring 
-C-0-C-). 
NMR(CCl^) : d 10.9 br,s (IH, -COCH), 5.78 m (IH, CH=C-), 5.09 d 
(2H, HC = C-), 4.8 s (2H, HC = C-), 2.29 m (2H, II ' ' 
-^ v V 
-CH2COOH), 2 . 0 m [2H, =C-CH2-(CH2)5-, in p a r t merged 
wi th -CH2COOH], lo27 b r , s [12H, - ( C H 2 ) ^ - ] . 
( I l l ) - Ana lys i s Found: C, 6 3 . 8 7 ; H, 9<,92><. C a l c u l a t e d fo r Cj^3H2404: 
C, 6 3 . 9 1 ; H, 9o90/i. 
IR(Nujol) : 1715 (COOH), 1170, 1100, 1050 cm"-"- (-C-0-C- linkage), 
NMR(CC1.) : d 11.7 br,s (IH, -COOH), 4.70 two doublets (2H, 
'4 
H^ C — C H - ) , 3.80 d,d (4H, HrjC —CH-), 2,35 m (2H, 
y \ 7 \ 
0 CH^ 0 CH^ 
\ / ^ \ / " ^ 
H2C — 0 H2C — 0 
-CH2COOH), 1.39 br,s [15H, -CH-(qi2)Y-]. 
Reaction of Undec-10-enoic Acid (I) with Benzaldehyde 
Reaction of 3.39 g (32 mmol) of benzaldehyde with 2,76 g 
(15 mmol) of undec-10-enoic acid was carried out in the same manner 
as in preceding reaction for 3-3.5 hours. After final work up 
analytical TLC showed five spots. Silica gel column chromatographic 
purification led to the isolation of two products. Elution with 
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petroleum ether-ether (90:10, v/v) gave product IV, yield is 8.5j^ . 
Further elution with petroleum ether-ether (83:17, v/v) yielded 
product V (89.0j<), Three other minor products could not be isola-
ted due to their fractional quantities. 
(IV)- Analysis Found: C, 79<,35; H, 1,96"/., Calculated for ^2'^2(p3' 
C, 79.33; H, 7.99-/. 
IR(Neat) : 1710 (COOH), 1630 (C=C), 1600 (benzene C=C), 1275, 
1230, 1010, 990 cm"*-'- (ring -C-O-C). ^ 
mK(,OQl^) : d 11 .7 b r , s ( IH, -COOH), 8 . 0 m (4H, 2 x - ^ ^ ) , 
7 ,50 m (6H, 2 x ^ / - ) » ^•^2 m (IH, -CH=C-), 4 .95 d 
(IH, HC = C-) , 4 .78 s ( IH, HC = C - ) , 2 . 0 - 2 . 3 m (4H, 
II II 
HC CH HC CH 
- / \ / \ / \ / \ -
Ph 0 Ph Ph 0 Ph 
=C-CH2- and -CH2COOH), 1.30 b r , s [12H, -{0H^)^--'\, 
(V)- Analysis Found: C, 75.70, H, 8.15^. Calculated for C25H22O4J 
C, 75.73; H, 8ol3j<. 
IR(Neat) : 1710 (COOH), 1615 (benzene C=C), 1175, 1105, 1050 cm""'-
(-C-0-C- stretching). ^ 
NMR(CCl4) : d 11.7 br,s (IH, -COOH), 8.03 m (4H, 2 x -\ J> ), 
7.31 m (6H, 2 )r^ ^ " ), 5,24 s (IH, H^C - CH-), 
- 0 CH 
\ /\ 
HC - 0 Ph 
Ph 
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5.04 d (IH, H^C - CH-), 4,37 d (2H, -CH-CH^-O-), 
7 \ 
0 CH 
HC - 0 ^ "^^  
/ 
Ph 
2.27 m (2H, -CH2CCXH), 1.6-1.25 br,s [15H, -CH-
(CHp)^-]. 
Reaction of Undec-lO-enolc Acid (l) with Salicylaldehyde 
Salicylaldehyde (3.9 g, 32 nunol) was treated with 2.76 g 
(15 mmol) of undec-10-enoic acid for 5 hours under similar reaction 
conditions as described earlier. Final workup and column chromato-
graphic separation yielded product VI (9.0^ i) by elution with 
petroleum ether-ether (88:12, v/v). Further elution with petroleum 
ether-ether (80:20, v/v) yielded product VII (88,0?^). Three minor 
products could not be isolated in the desired amounts needed for 
their structural identification. 
(VI)- Analysis Found: C, 83.25; H, 5.33><. Calculated for C2gH240'7: 
C, 83.23; H, 5.30j<. 
IR(Neat) : 1735 (OCOCH3), 1710 (COOH), 1635 (C=C), 1605 (benzene 
C=C), 1205 (acetate grouping), 1240, 1170, 1100, 1045 
(ring -C-0-C-). j^  
NMR(CCl4) : d 13.4 br,s (IH, -COOH), 7.95 m (2H, 2 x - ^ ^ )» 
7.40 m (6H, 2 x-<( /"-)» 5.75 m (IH, HC=C-), 
^ H 
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4.75-4,9 ill defined signal (2H, -CH-0-CH-), 
2.1-2.35 m (4H, =C-CH2- and -CHgCOOH), 2.02 s 
(6H, 2 X f~\- )f 1.40 br,s [12H, -(CH2)6-]. 
^0C0CH3 
(VII)- Analysis Found: C, 70.10; H, 7.55>i, Calculated for C25H220^: 
C, 70.07} H, 7.53?i. 
IR(Neat) : 3300 (OH), 1710 (COOH), 1602 (benzene C=C), 1280, 
1170, 1110, 1030 cm"-^  (ring -C-0-C-). 
H 
NMR(CCl^) : d 12.3 br,s (IH, -COOH), 7,51 m (2H, 2x -<^ \ ), 
6o94 m (6H, 2x'\__ V M ), 5,37 s (IH, -0-CH-0-), 
H >>r-0H 
5.1 d (IH, CH-CH-0), 4,40 d (2H, O-CH2-CH-), 2.30 m 
H0t5 
(4H, -CH2COOH, merged with the signal of 2x OH, D2O 
exchangeable), 1,30 br,s [15 H , ••CH-iCH2)j-^]* 
Oxymercuration-Demercuration of Undec-10-enoic Acid (I) in the 
Presence of Acrylic Acid 
Undec-10-enoic acid (I) (3.68 g, 20 mmol) was treated 
with mercuric acetate (6.38 g, 20 mmol), water (20 ml) and tetra-
hydrofuran (20 ml) following the procedure of Brown and Geoghegan 
which furnished mercuric acetate adduct (VIII). After completion 
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of oxymercuration reaction, a solution of sodium borohydride 
(0,76 g, 20 mmol) in water (10 ml) was added dropwise to a mixture 
of VIII (20 mmol) and acrylic acid (7,2 g, 100 mmol) in dimethyl-
formamide (DMF) solvent (100 ml) at 0 C. Usual workup with diethyl 
ether and column chromatographic purification afforded the coupled 
product IX (40.0-/). 
(IX)- Analysis Found: C, 61.32; H, 9.57^. Calculated for Cj^4H250^: 
C, 61.29} H, 9,55;<, 
IR(Neat) : 3200 (OH), 1720 cm"-*- (COOH), 
I*^ R(CCl4) : d 11.2 br,s (2H, 2 x COOH), 3.72 m (IH, -CH-OH), 
3.2 br,s (IH, CH-OH, D2O exchangeable), 2.31 m (4H, 
2 X CH2COOH), 1.35 br,s [I8H, -(012)7- ^^^ -(^^2)2"]. 
Oxymercuration-Demercuration of Undec-10-enoic Acid (I) in the 
Presence of Acrylonitrile 
Undec-10-enoic acid (I) (3,68 g, 20 mmol) was treated 
with mercuric acetate, water and tetrahydrofuran in the same manner 
as detailed in the previous reaction to prepare mercuric acetate 
adduct (VIII). This adduct was demercurated by adding dropwise a 
solution of sodium borohydride (0,76 g, 20 iranol) in 10 ml water to 
a mixture of (VIII) (20 mmol) and (5.3 g, 100 mmol) of acrylonitrile 
in 100 ml of dimethylformamide solvent at 0 C. Final workup and 
purification by silica gel column chromatography yielded product X 
in 44.0^. 
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(X) - Ana lys i s Found: C, 6 8 . 8 2 ; H, 9.89><j N, 5,47j<, C a l c u l a t e d for 
^14"25°3^* ^» 6 5 . 8 5 ; H, 9 .87j N, 5 . 49^ . 
IR(Neat) : 3250 (OH), 2240 (CN), 1720 cm"-'- (COOH). 
NMR(CCl4) : d 12.2 b r , s ( IH, -COOH), 3 .75 t (2H, CH2CN), 3.70 m 
(IH, CH-OH), 3 .5 b r , s ( IH, CH-Ol), 2 .35 m(2H,-CH2C00H), 
1,30 b r , s [18H, - ( C H 2 ) Y - and - ( C H 2 ) 2 - ] . 
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